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REPORT  A 

MASTER  PROGRAM  PLAN 

SECTION  I 

PHILOSOPHY 

A.  PROGRAM  MANAGEMENT  PHILOSOPHY 

Pratt  &  Whitney  Aircraft's  management  philosophy  for  the  SST  Program 
will  be  responsive  to  the  vital  interests  of  the  airlines,  who  must  find 
the  United  States  Supersonic  Transport  a  safe,  reliable,  and  economically 
attractive  addition  to  their  fleets;  the  airframe  contractor,  who  must 
assume  systems  responsibility  for  the  major  goals  of  the  program;  and 
the  Federal  Aviation  Agency,  who  by  reason  of  commitment  of  large  govern¬ 
ment  appropriations,  must  be  concerned  with  program  decisions  involving 
contract  cost,  certain  critical  performance  criteria,  and  key  program 
milestones. 

The  JTF17  Program  Management  will  direct  the  design  and  development 
effort  to  meet  contract  requirements.  The  Engine  Model  Specification 
requirements  are  stated  primarily  as  performance  levels  so  that  the  pro¬ 
gram  management  may  exercise  complete  control  over  the  design,  development, 
and  support  elements  of  the  program.  In  conducting  the  program  to  obtain 
the  required  performance  levels,  Program  Management  will  have  the  re¬ 
sponsibility  for  the  control  of  costs  and  schedules. 

In  recognition  of  the  airlines'  role,  Pratt  &  Whitney  Aircraft  will 
encourage  the  airlines  to  state  their  desires  throughout  the  SST  design, 
development,  and  production  phases  so  that  configuration  decisions  in 
particular  will  be  influenced  by  the  airlines  to  the  maximum  practical 
degree.  In  addition  to  the  traditional  P&WA/airline  contacts,  the  airlines 
will  be  asked  to  participate  formally  in  program  reviews  for  the  purpose 
of  influencing  the  design,  safety,  reliability,  maintainability,  and  per¬ 
formance  aspects  of  the  program.  It  is  contemplated  that  airline  cooperation 
will  make  the  airline  industry  committees  an  important  and  effective  voice 
for  the  SST  program.  Accordingly,  the  contribution  of  these  committees 
will  be  actively  sought. 

In  recognition  of  the  altframe  contractor's  rolr,  P&VA  has  negotiated 
an  SST  Air frame /Engine  Compatibility  Agieeoent  with  the  airframe  contractor 
which  aats  forth  the  coordinated  er»0lne/sirframe  Interface  plan.  The 
agreement  recognizes  that  th*  airframe  contractor  will  have  total  system 
responsibility  and  defines  che  division  of  responsibilities  for  Phase  III, 
including  cost  responsibility.  In  Implementing  the  Compatibility  Agreement, 
Program  Management  will  strive  to  see  that  no  element  of  necessary  work 
ir  overlooked  and  that  minimum  duplication  of  effort  exists  be twee  •  the 
airframe  contractor  and  P&WA.  Program  Management  will  also  initiate 
additional  elements  of  work  beyond  those  called  for  by  the  negotiated 
agreements  whenever  such  work  provides  incrassed  assurcuce  of  achieving 
SST  syetea  performance  requirements  or  permits  the  attainment  of  higher 
SST  system  performance  goals.  These  additional  elements  of  work  will  be 
coordinated  with  the  airframe  contractor. 

In  recognition  of  the  Government's  role,  P&WA  will  provide  the  FAA 
with  overall  visibility  into  the  Phase  lit  effort,  with  a  series  of  manage- 
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meat  end  product  assurance  plans.  P&WA  will  submit  proposed  changes 
affecting  major  performance  criteria  (Category  I  changes)  to  the  FAA  for 
approval  and  will  also  describe  for  the  FAA  all  other  changes  (Category  II 
changes)  as  part  of  the  product  configuration  control  for  which  P&WA 
assumes  complete  responsibility.  P&WA  will  submit  for  approval  all  program 
changes  affecting  contract  cost  and  schedules  and  will  also  describe  for 
the  FAA  other  detail  cost  and  schedule  activity  as  part  of  the  program 
cost  and  schedule  control  for  which  P&WA  assumes  complete  responsibility. 

The  Program  Manager  is  respozu/ble  for  the  implementation  and  manage¬ 
ment  of  the  Phase  III  SST  Program,  as  described  in  the  program  plans. 

The  Program  Manager  will  have  responsibility  for  updating  the  program 
plans  or  generating  new  plans  to  meet  changing  program  requirements. 

Copies  of  updated  plans  will  be  supplied  to  the  FAA  in  accordance  with 
the  Data  List  of  the  Data  Management  Plan  (See  Volume  V,  Report  D). 

B.  DESIGN  PHILOSOPHY 

The  JTF17  engine  design  completed  in  Phase  II-C  has  evolved  from  the 
firm  base  of  Pratt  &  Whitney  Aircraft's  experience  in  high  Mach  number 
flight  and  commercial  airline  service.  The  design  will  meet  the 
objectives  of  providing  a  aa~e,  reliable,  and  economically  attractive 
poverplant  with  maximum  noise  control.  The  same  objectives  will  guide 
the  continuing  design  efforts  of  Phase  III  and  the  follow-on  phases. 

The  design  objectives,  as  well  as  the  design  requirements,  criteria, 
and  approach  (described  in  detail  in  Volume  III  of  this  proposal), 
reflect  Pratt  &  Whitney  Aircraft's  experience  in  both  commercial  airline 
service,  and  *n  military  operation  at  Mach  3  and  above.  Current  programs 
including  the  TF30  engine  for  the  F-lii  and  the  JT9D  engine  for  the 
Boeing  747,  which  are  in  development,  and  the  J58  engine  for  the 
SR-71  will  provide,  in  the  period  prior  to  certification  of  the  JTF17  . 
engine  for  commercial  service,  additional  operating  experience  which.  In 
terms  or  engine  flight  hours,  will  exceed  P&WA’ a  industry-leading  total 
as  of  this  date.  Program  Management  will  make  use  of  this  constantly 
growing  reservoir  of  experience  to  refine  the  engine  design  during 
the  development  period. 

P&WA  design  philosophy  may  he  expressed  as  a  requirement  to  "design 
fur  production.”  This  requirement  demands  that,  from  the  outset,  proto¬ 
type  (FTS)  engine  daaign  must  meet  production  engine  standards  of  safety, 
reliability,  maintainability,  and  valua.  It  has  been  recognised  that  In 
the  very  earl7  sieges  of  design,  the  design  objectives  and  major  design 
decisions  can  themselves  limit  the  inherent  safety,  reliability,  main¬ 
tainability,  performance,  end  uois*  control  which  can  ho  achieved  for  e 
given  state-of-the-art.  The  detail  design  choices  have  been  baaed  upon 
a  background  of  experience  which  indicates  the  JTTl?  design  will  achieve 
the  performance  objectives,  minimise  coat,  and  provide  for  essential 
jmgine  growth.  Changes  in  the  design  dlctatad  by  the  Phase  III  development 
program  will  be  evaluated  in  keeping  with  this  philosophy 

Wherever  practical,  the  JTF17  engine  design  makes  use  of  component 
configurations,  maintenance  and  overhaul  concepts,  and  materials  with 
which  the  airlines  are  familiar.  Thus,  daalgn  standards  for  conmoo  types 
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of  parts  have  been  established  basen  on  previous  experience.  When  a  new 
approach  was  required,  it  was  carefully  reviewed  by  technical  experts  for 
basic  feasibility,  analyzed  for  potential  failure  modes,  subjected  to 
special  feasibility  testing  and  value  engineering  considerations. 

Because  of  the  importance  of  previous  experience  in  the  conception 
and  layout  of  new  designs  and  to  provide  the  necessary  standardization 
and  control  during  a~l  phases  of  design,  it  is  P&WA's  policy  to  provide 
a  complete  in-house  design  capability.  The  design  capability  consists  of 
a  comprehensive  team  of  engineers,  draftsmen,  and  design  specialists 
capable  in  all  aspects  of  engine  design  and  analysis.  The  members  of  the 
FRDC  design  group  are  experienced  in  high  temperature  engine  design,  have 
worked  together  as  a  team,  and  understand  the  requirements  of  both  exper¬ 
imental  and  production  programs. 

C.  MANUFACTURING  PHILOSOPHY 

The  P&WA  manufacturing  philosophy  recognizes  that  manufacturing 
quality  requirements  for  engine  parts  must  keep  pace  with  the  increasing 
performance  requirements  of  advanced  8ystem8.  Thus  the  heart  of  P&WA's 
manufacturing  capability  lies  in  the  range  and  variety  of  production 
operations,  in  demanding  quality  assurance  standards,  and  in  the  existing 
and  proven  procedures  to  control  the  simultaneous  production  of  many 
engine  models  and  associated  spare  parts. 

P&WA  recognises  three  requisites  to  the  production  of  quality 
commercial  poverplants.  The  first  is  an  experienced,  skilled,  and  ably 
supervised  work  force.  The  second  la  modern  and  versatile  machine  tools 
and  facilities.  The  third  la  a  dynamic  organization  for  the  continual 
development  and  application  of  advanced  manufacturing  methods.  (Tha 
facilities  and  manufacturing  capability  are  further  described  in  Volume 
V,  Reports  B  and  G.  See  also  Manufacturing.  S-996,  dated  June,  1966.) 

P&WA  has  developed  and  will  continue  to  use  for  the  SST  production 
program  a  part-  and  procaaa-oriented  manufacturing  organisation.  Under 
this  policy,  similar  parts,  such  as  discs  for  all  engine  models,  are 
assigned  to  the  a  am  work  area  within  the  Production  Department.  The 
facilities  for  specialised  processes,  such  as  heat  traat  or  plating,  are 
also  centralised  in  a  single  work  ares.  This  organization  has  the  ability 
to  organist  and  retain  specialised  skills  and  know-how,  thereby  providing 
economy  and  flexibility  in  operation  and  permitting  the  implementation 
of  additional  engine  programs  without  extensive  facility  reorganisation. 

Production  of  the  ground  teat  and  prototype  (FTS)  anginas  for  the 
Phase  1X1  flight  test  program  will  be  accomplished  by  the  Plorida  Research 
and  Development  Center  (FRDC).  The  Center's  manufacturing  team  has 
qualified  for  the  SST  effort  as  a  result  of  experience  on  the  J58  supersonic 
turbine  engine  and  in  the  Phase  11-C  demonstration  engine  program.  FRDC 
and  its  subcontractors  have  experience  in  all  phases  of  manufacturing  and 
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overhaul  support  of  flight  test  engines. 

Connecticut  operations  will  phase  in,  as  it  has  on  other  engine 
programs  undertaken  at  FRDC,  and  will  manufacture,  acceptance  test,  and 
deliver  the  later  Phase  V  production  engines.  In  these  later  phases,  the 
JTF17  Production  Manager  under  the  direction  of  the  JTF17  Program  Manager 
will  have  the  responsibility  for  meeting  the  engine  and  spares  production 
schedules.  This  type  of  Production  Manager  organization  cirers  the 
advantage  of  utilizing  an  established  and  functioning  production  control 
system  while  at  the  same  time  providing  the  emphasis,  direct  control,  and 
time  saving  communication  inherent  in  a  program-oriented  system.  P&WA  has 
successfully  used  this  system  on  the  J58  and  RL10  engine  programs.  The 
program  management  and  engineering  development  of  both  these  engines  was 
conducted  at  FRDC,  with  production  at  the  Connecticut  operations. 

Pratt  &  Whitney  Aircraft  will  continue  to  encourage  md  support  a 
strong  subcontractor  base  for  manufacturing  of  development  and  production 
engine  parts.  Make  or  Buy  decisions  will  be  based  on  optimum  value  as  the 
fundamental  consideration.  The  determination  of  optimum  value  is  based 
on  consideration  of  quality,  schedule,  snd  cost. 

D.  TOOLING  PHILOSOPHY 

The  philosophy  guiding  the  selection  of  manufacturing  processes  and 
the  design  of  tooling  at  P&WA  is  directed  toward  providing  the  optimum 
trade-off  between  labor  costs  and  tooling  costs.  The  selection  of  tooling 
is  based  on  anticipated  rates  of  production  and  is  modified  to  reflect 
risks  of  obsolescence  due  to  changes  in  part  design  or  changes  in  process. 
To  provide  the  flexibility  necessary  during  development,  minimum  tooling 
and  semi-production  methods  utilizing  universal  machines  are  used  for 
parts  having  a  high  probability  of  change.  Refined  tooling  is  provided 
for  parts  for  which  the  design  has  stabilized  or  when  justified  by  pro¬ 
duction  volume.  Tooling  procured  during  Phase  III  of  the  SST  Program 
will  generally  be  of  minimum  sophistication  in  view  of  the  limited 
procurement  planned  for  the  prototype  engines  and  in  antic<p»-*<?n  ?f  the 
need  for  rapid  incorporation  of  development  changes. 

P&WA  maintains,  a a  a  matter  of  policy,  the  capability  of  designing, 
fabricating,  and  maintaining  all  types  of  nonproprietary  special  tooling 
required  for  fabrication  of  engine  parts.  These  facilities  are  used  to 
provide  urgently  needed  tooling,  help  tools,  master  models,  snd  complex 
tuols  that  subcontractors  do  not  have  rse  eapcbility  of  making.  Sub¬ 
contractors  provide  most  of  the  balance  of  the  tooling  requirements. 
Maintenance  of  a  broad  subcontractor  baas  for  both  design  and  fabrication 
of  tooling  allows  s  wide  distribution  of  peak  loads  sod  provides  the 
basis  for  competitive  bids.  Traditionally,  60X  of  tool  dealgn  and  SOX  of 
tool  fabrication  and  maintenance  have  been  subcontracted.  The  tool  "make 
or  buy"  decision  will  be  based  on  an  evaluation  of  tool  room  work  load, 
tool  complexity,  schedule  requirements,  and  cost. 
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SECTION  II 

DESCRIPTION  OF  PHASES  OF  THE  SST  PROGRAM 

A.  PHASE  I  AND  PHASE  II 

Phase  I,  the  Initial  Proposal  Phase,  and  Phase  II,  the  Competitive 
Design  Phase,  have  culminated  in  Phase  II-C  in  which  the  competing  engine 
manufacturers  initiated  a  development  test  program  that  will  accumulate 
a  minimum  ct  100  test  hcurs  by  December  31,  i966.  As  part  of  the  effort 
in  Phase  II-C,  the  engine  contractors  have  submitted  definitive  proposals 
for  Phase  III. 

B.  TRANSITION  FROM  PHASE  II-C  TO  PHASE  III 

i 

Following  evaluation  by  the  government  and  the  airlines,  the  FAA  will 
award  Phase  III  contracts  to  the  selected  contractors  by  January  1,  1967. 

It  is  anticipated  that  the  FAA  will  have  also  accepted  the  contractor's 
proposals  for  the  procurement  of  certain  long  lead  time  items  and  will  have 
provided  funds  by  September  30,  19r  .  The  basic  program  schedule  in 
P&WA's  Phase  III  proposal  is  predicated  on  these  government  actions. 

C.  PHASE  XII 

In  Phase  III,  the  Prototype  Construction  and  Flight  Test  Phase,  the 
airframe  manufacturer  will  complete  his  detail  design  and  construct  two 
pre-production  prototype  aircraft  and  fly  these  aircraft  for  a  minimum  of 
100  hours  of  flight  teat.  P&WA  will  perform  the  work  as  specifically 
defined  in  the  Work  Statement  of  the  Phase  III  contract.  This  work 
will  include  effort  generally  in  accordance  with  the  following  summary. 

1.  Perform  design,  manufacture,  assembly,  and  test  of  development 
engines  leading  to  the  completion  of  the  FTS  test 

2.  Conduct  a  comprehensive  component  test  program  in  support  of 
the  engine  development  program 

3.  Manufacture  and  deliver  the  required  number  of  ground  test  ana 
flight  teat  engines  and  support  the  engines  through  the  SST 
prototype  aircraft  100-hour  flight  test  progra* 

4.  Provide  a  firm  set  of  production  specifications  with  the  warrantees 
and  guarantees  to  be  offered  to  airline  customers  and  establish 

a  fin#  schedule  for  the  delivery  of  certificated  production 
engines 

5.  Prepere  a  proposal  for  the  follow-on  program. 

Though  define'*  es  e  distinct  segment  of  the  SST  Program  for  con¬ 
tracting  purposes,  Phase  III  is  recognised  as  an  integral  element  of 
e  continuous  development  process  hy  which  a  United  States  SST  can  be 
type-certificeted  for  passenger  service  in  the  1974  time  period. 

Accordingly,  in  addition  to  FTS  completion,  PAWA'e  Phaae  III  development 
prc0ram  will  demonstrate  engine  performance  and  durability  characteristics 
such  as  to  give  reasonable  assurance  of  tne  successful  completion  of  the 
Engine  Type  Certification  requirements  in  Phase  IV. 
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D.  TRANSITION  FROM  PHASE  Ill  TO  PHASE  IV 

As  part  of  its  Phase  III  effort,  P&WA  will  provide  to  the  airframe 
contractor  a  firm  Engine  Model  Specification  including  guarantees  for  the 
production  engine  and  a  firm  schedule  for  certificated  production  engine 
deliveries  and  will  propose  to  the  airlines  a  firm  set  of  warrantees  for 
the  production  engines  in  initial  coonercial  operation.  The  timing  for 
providing  the  specifications  and  schedules  will  be  coordinated  with  the 
airframe  contractor  who  will  be  providing  specifications  and  schedules 
for  the  SST  airplane  as  part  of  his  total  system  responsibility. 

Phase  III  will  end  when  the  airframe  contractor  has  completed  a 
min  iff  urn  of  j.00  hours  of  flight  test  and  such  specific  r'.emonstrations  as 
will  be  defined  in  his  Phase  III  contract  on  the  two  prototype  aircraft. 

P&WA  will  have  previously  completed  an  FTS  and  delivered  FTS  engines  and 
spares  support  to  the  airframe  contractor. 

The  initiation  of  a  firm  Phase  IV  Program  will  require  that  certain 
events  be  accomplished  in  addition  to  the  planned  activities  noted  above 
for  Phase  III.  The  following  must  be  accomplished: 

1.  P&WA  and  the  airframe  contractor  must,  not  later  than  24  months 
prior  to  the  programmed  completion  date  of  Phase  III,  propose 
financial  plana  applicable  to  the  future  phases  o*  the  SST  Program 
for  government  approval. 

2.  The  Government  must  negotiate  and  give  its  approval,  not  l,  be 
unreasonably  withheld  or  delayed,  to  a  firm  financial  plan  for 
Phase  IV. 

3.  The  airframe  contractor  must  make  a  firm  proposal  to  the  airlines 
for  the  sale  of  SST  airciaft. 

4.  The  airlines  must  place  firm  orders  for  SST  aircraft  including 

the  necessary  Installation  and  spare  engines  with  the  manufacturers. 

Since  the  initiation  b.  Phase  IV  will  be  dependent  on  major  decisions 
and  subsequent  implementing  actions  by  the  government,  the  airframe 
contractor,  end  the  airlines,  P&WA  c  not  implement  its  Phase  IV  program 
independently.  Careful  coordination  between  the  Government,  the  con¬ 
tractors,  and  tha  airlines  will  b#  required  to  protect  the  estimated 
Phase  IV  englna  certification  data  which  is  predicted  on  the  initiation 
of  Fhaaa  IV  design  and  long  load  time  procurement  activities  12  months 
prior  to  the  programmed  completion  date  for  Phase  III. 

P.  PHASE  IV 

In  Phase  IV,  the  Production  Development  and  Certification  Phase,  the 
airframe  manufacturer  will  continue  flight  tasting  tha  prototype  aircraft, 
initiate  major  structural  taste  of  tha  production  design,  refine  the  air¬ 
craft  design  to  incorporate  improvements  and/or  changes  as  required  for 
production  aircraft,  construct  aircraft  to  tha  production  design,  conduct 
flight  teats  and  obtain  type  certification.  Pratt  4  Whitney  Aircraft 
will  continue  development  of  the  JTT17  angina  as  a  commercial  airline  engine, 
refine  tha  angina  design  to  incorporate  improvements  and/or  changes  as 
required  for  tha  production  aircraft,  obtain  type  certification  of  the 
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production  engine,  and  support  the  production  aircraft  flight  test  program 
through  aircraft  type  certification.  Pratt  &  Whitney  Aircraft  will  also 
support  the  flight  test  program  conducted  by  the  airframe  contractor  on 
the  prototype  aircraft  which  will  initially  utilize  FTS  engines  furnished 
under  the  Phase  III  contract,  but  which  may  ultimately  require  production 
engines. 

F.  TRANSITION  FROM  PHASE  IV  TO  PHASE  V 

Phase  IV  will  end  when  the  airframe  contractor  obtains  type  certification 
for  the  production  SST  airplane.  Phase  V  will  already  have  been  initiated 
by  Pratt  &  Whitney  Aircraft  as  necessary  to  provide  certificated  pro¬ 
duction  engines  for  the  airframe  contractors  certification  flight  test 
program  and  early  production.  Providing  financial  plans  negotiated  during 
Phase  III  are  complete  with  regard  to  financial  support  and  recoupment 
provisions,  and  the  airlines  have  made  firm  commitments  which  offer 
reasonable  assurance  of  a  successful  program,  no  action  will  be  required 
by  the  Government  to  initiate  Phase  V. 

G.  PHASE  V 

It  is  expected  that  Phase  V,  the  Production  Phase,  will  correspond  in 
all  respects  to  a  normal  commercial  program.  Pratt  &  Whitney  Aircraft 
will  initiate  production  of  JTF17  engines  to  be  delivered  to  the  airframe 
contractor  for  installation  in  production  airplanes  and  to  the  customer 
airlines  for  spares.  Spares  parts  production  and  other  commercial  airline 
support  activities,  including  training  and  provisioning  will  be  fully 
activated. 

Pra' t  &  Whitney  Aircraft  will  conduct  a  vigorous  post  certification 
development  program  which  commercial  experience  has  shown  is  essential 
to  assure  the  extension  of  major  inspection  periods,  TBO  periods,  and 
engine  parts  life.  These  extensions  are  required  if  the  SST  is  to  achieve 
its  optimum  earning  potential. 

SECTION  III 

JTF17  PROGRAM  MANAGEMENT 

A.  ORGANIZATION 

The  P&WA  Program  Management  for  the  JTF17  Phase  III  development 
program  is  shown  In  figure  1.  The  Program  Manager  has  overall  responsi¬ 
bility  for  the  design,  development,  manufacturing,  and  product  support  of 
the  engine  and  for  meeting  coat,  schedule,  and  performance  requirements. 

The  Program  Management  organization  is  staffed  by  experienced  personnel 
selected  for  both  their  management  and  technical  abilitiea.  (The  organiza¬ 
tion  is  described  with  resiaae's  of  key  personnel  in  Volume  V,  Report  I.) 

B.  MASTER  MILESTONE  CHART  (See  fl-urea  2  and  3.) 

The  master  milestone  chart  dlsplav*  the  schedule  for  the  major  events 
and  program  effort  during  Phase  III.  overall  visibility  is  provided 
by  including  the  major  program  events  which  will  occur  In  Phases  IV  and 
V.  This  la  in  recognition  of  the  continuous  nature  of  the  development 
program  as  described  in  Paragraph  B  of  chla  plan. 
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production  engine,  and  support  the  production  aircraft  flight  test  program 
through  aircraft  type  certification.  Pratt  &  Whitney  Aircraft  will  also 
support  the  flight  test  program  conducted  by  the  airframe  contractor  on 
the  prototype  aircraft  which  will  initially  utiliie  FTS  engines  furnished 
under  the  Phase  III  contract,  but  hich  may  ultimately  require  production 
en vines. 

V,  TRANSITION  FROM  PHASE  IV  TO  PHASE  V 

IV  will  end  when  the  airframe  contractor  obtains  type  certification 
for  the  production  SST  airplane.  Phase  V  will  already  have  been  initiated 
by  Pratt  &  Whitney  Aircraft  as  necessary  to  provide  certificated  pro¬ 
duction  engines  for  the  airframe  contractors  certification  flight  test 
program  and  early  production.  Providing  financial  plans  negotiated  during 
Phase  III  are  complete  with  regard  to  financial  support  and  recoupment 
provisions,  and  the  airlines  have  made  firm  commitments  which  offer 
reasonable  assurance  of  a  successful  program,  no  action  will  be  required 
by  the  Government  to  initiate  Phase  V. 

G.  PHASE  V 

It  is  expected  that  Phase  V,  the  Production  Phase,  will  correspond  in 
all  respects  to  a  normal  commercial  program.  Pratt  &  Whitney  Aircraft 
will  initiate  production  of  JTF17  engines  to  be  delivered  to  the  airframe 
contractor  for  installation  in  production  airplanes  and  to  the  customer 
airlines  for  toares.  Spares  parts  production  and  other-  commercial  airline 
support  activities,  including  training  and  provisioning  will  be  fullv 
activated. 

Pratt  &  Whitney  Aircraft  will  conduct  a  vigorous  post  certification 
development  program  which  commercial  experience  has  shown  is  essential 
to  assure  the  extension  of  major  inspection  periods,  TBO  periods,  ar.d 
engine  parts  life.  These  extensions  are  required  if  the  SST  is  to  achieve 
its  optimum  earning  potential. 


SECTION  III  , 

JTF17  PROGRAM  MANAGEMENT 

A.  ORGANIZATION 

'  P&WA  Program  Management  for  the  JTF17  Phase  III  development 
program  is  shown  in  figure  1.  The  Program  Ms.  overall  responsi¬ 

bility  for  the  design,  development,  manufacturing,  _i  product  support  of 
the  engine  and  for  meeting  cost,  schedule,  and  performance  requirements. 

The  Program  Management  organization  is  staffed  by  experienced  personnel 
selected  for  both  their  management  and  technical  abilities.  (The  organiza¬ 
tion  is  described  with  resume's  of  key  personnel  in  Volume  V,  Report  I.) 

B.  MASTfeR  MILESTONE  CHART  (See  figures  2  and  3.) 

Fhe  master  milestone  chart  displays  the  schedule  for  Che  major  events 
and  program  effort  during  Phase  III.  Overall  viaibility  is  provided 
by  including  the  major  program  events  which  will  occur  in  Phases  IV  and 
V.  This  is  in  recognition  of  the  continuous  nature  of  the  development 
program  as  described  in  Paragraph  B  of  this  plan. 
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The  master  milestone  chart  will  not  be  used  as  a  substitute  for  the 
schedule  controls.  These  controls  <ire  described  in  the  Schedule  Planning 
and  Control  System,  Volume  V,  Report  F.  The  Program  Manager  will  use  the 
charts  to  gain  an  overview  of  the  complete  program,  thereby  permitting  a 
rapid  appraisal  of  the  major  upcoming  events  as  well  as  those  which  have 
been  completed. 

C.  COST  AND  SCHEDULE  CONTROL 

Tne  control  of  schedule  will  be  by  means  of  a  Schedule  Planning  and 
Control  System  (described  in  Volume  V,  Report  F)  and  supplemented  by 
daily  and  weekly  written  reports  that  will  detail  the  status  of  all  major 
component  rig  and  development  engine  test  programs,  engine  deliveries  and 
product  support  activities. 

The  schedule  system  will  use  PERT/Time  for  schedule  planning,  reporting, 
and  management  control. 

The  control  of  cost  will  be  by  means  of  a  Cost  Planning  and  Control 
System  (described  in  Volume  V,  Report  F) . 

SECTION  IV 

FRDC  MANAGEMENT  COMMITTEE 

A  Management  Committee  at  the  FRDC  will  provide,  for  the  Center's 
management,  the  required  direct  contact  with  J""F17  Engine  Program  in 
Phase  III. 

The  members  of  the  Committee  will  be: 

•  W.  L.  Gorton,  General  Manager,  Chairman 

•  R.  J.  Coar,  Engineering  Manager 

•  3.  N.  Torell,  Chief  Engineer 

•  A.  F.  Smith,  Chief  Engineering  Operations 

•  R.  L.  Caleen,  Chief ,  Field  Operations 

•  J.  Craig,  Jr.,  Aast.  Sales  Manager 

•  A.  M.  DiBatticto,  Purchasing  Manager 

•  R.  H.  Poster,  Department  Controller 

•  F.  F.  Schirm,  Personnel  Manager 

The  JTF17  Program  Manager  and  the  JTF17  Deputy  Program  Manager  will  serve 
as  Committee  members  in  a  reporting  function. 

The  Committee  ”111  meet  under  the  chairmanship  of  the  FRDC  General 
Manager  to  receive  an  oral  report  from  the  JTT17  Program  Manager.  The 
Manager' a  report  will  cover  the  areas  of  design,  development,  manufacturing, 
and  product  aupport  and  will  also  include  progresa  in  meeting  the  cost, 
schedule,  and  performance  requirements  for  all  of  which  the  Program  Manager 
boars  the  responsibility .  The  Program  Manager  will  call  upon  the  Managers 
responsible  for  JTF17  Development,  Program  Controls,  Product  Assurance, 

Product  Sunport,  and  Engine  Delivery  to  assist  in  making  his  report. 

The  Prog i am  Manager  will  review  major  program  problems,  provide  his 
planned  courae  of  action  along  with  any  alternatives,  and  report  on  their 
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final  successful  solution.  The  Chairman  will  assign  responsibilities, 
resolve  conflicts,  and  establish  schedules  to  support  the  Program 
Manager's  recommendations  for  meeting  program  requirements  or  solving 
problems.  On  occasion  the  Chairman  may  direct  program  changes  or  problem 
solutions  if  they  are  required  in  his  judgment  to  meet  overall  program 
objectives'.  The  Deputy  Program  Manager  will  serve  as  secretary  and,  as 
directed  by  the  Chairman,  will  maintain  a  list  of  problems  including  the 
assigned  responsibilities  and  chedules  for  corrective  action.  As 
solutions  are  obtained,  the  prcblems  will  be  dropped  from  the  list. 

Thus  at  all  times,  the  list  will  serve  as  part  of  the  agenda  for  the 
FRDC  Management  Committee  Meetings. 

Though  meetings  will  normally  be  held  weekly,  special  meetings  will 
be  called  by  the  General  Manager  or  Program  Manager  as  program  develop¬ 
ments  require.  By  the  operation  of  the  Management  Committee,  FRDC 
management  will  be  kept  fully  Informed  of  program  problems  and  requirements 
5or  management  support. 


SECTION  V 
FAA  REVIEWS 

Management  reviews  will  be  held  for  the  FAA  at  which  JTF17  Program 
Management  will  present  oral  reports  on  program  progress  and  review 
major  technical  problems  Including  plans  for  their  solution.  The  schedule 
for  these  reviews  will  be  coordinated  with  the  FAA  in  Phase  III. 

Tl>e^e  reviews  will  provide  overall  program  visibility  to  the  FAA  and 
assist  the  FAA  in  correlating  the  data  received  via  P&WA  Phase  III 
program  reports. 


SECTION  VI 

AIRLINE  REVIEW  BOARD 

The  airlines  have  recognised  chat  they  should  work  directly  and  closely 
with  the  airframe  and  engine  contractors  during  the  design  and  development 
programs.  To  achieve  the  maximum  effectiveness,  they  have  organised 
industry  committees  and  endeavored  to  reach  a  common  position  on  policy 
and  planning  regarding  technical  questions.  One  committee,  known  as  the 
Airline  Supersonic  Transport  Committee  with  Mr.  W.  C.  Mentzer  a*  Chairman, 
has  already  contributed  substantially  to  the  SST  program  in  Phase  II-C. 

Pratt  A  Whitney  Aircraft  recognises  the  importance  of  airline  inputs 
to  the  Phase  111  program  and  will  plan  epecific  program  reviews  for  the 
airlines  who  will  be  invited  to  serve  ee  an  airline  review  board.  The 
schedule  for  there  reviewe  will  be  coordinated  with  the  airlines. 

The  review*;  ro  be  conducted  by  JTF17  Program  Management,  will  cover 
policy  end  planning  aaperts  of  major  technical  questions  as  well  as  reports 
on  program  progress.  It  1*  expected  that  the  reviews  will  generate  a  need 
for  more  detailed  discussions  in  certain  clearly  defined  areas. 

Accordingly,  additional  meetings  will  be  scheduled  at  that  time,  between 
airline  end  PfcUA  specialists  or  among  airline,  PWA,  sad  airframe 
contractor  specialists. 
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In  #U  the  reviews  and  meetings,  P&WA  will  maintain  a  record  of 
airline  suggestions  and  recommendations.  The  airlines  will  be  formally 
notified  of  the  acceptance  or  the  reasons  for  rejection  of  any  suggestion 
or  recommendation.  In  the  event  of  a  rejection,  P&WA  management  Will 
entertain  any  appeal  or  review  desired  by  an  individual  airline,  again 
providing  formal  notification  of  acceptance  or  the  reasons  for  rejection. 


SECTION  VII 

SUBORDINATE  MANAGEMENT  PLANS 

The  Master  Program  Plan  is  supplemented  by  the  subordinate  plans 
described  in  this  section.  Each  of  these  subordinate  plans  contains  for 
a  specific  area  of  the  program  effort  an  objective  directly  related  to 
Phase  III  performance  requirements,  an  organization  with  aseigned 
responsibilities,  detail  requirements,  description  of  work  and  pro¬ 
cedures,  management  reporting  requirements,  and  schedules  as  appropriate. 
The  following  describes  the  areas  of  program  effort  to  which  each  plan 
is  applicable. 

A.  FACILITIES  PLAN 

The  Facilities  Plan  (See  Volume  V,  Report  B)  details  the  planned 
modifications  or  additions  for  JTF17  sea  level  and  altitude  test  stands, 
component  test  stands,  and  manufacturing  capability. 

B.  CONFIGURATION  MANAGEMENT  PLAN 

The  Configuration  Management  Plan  (see  Volume  V,  Report  C)  describes 
how  P&WA  will  control  the  JTF17  engine  and  GSE  configuration.  It  also 
contains  the  configuration  inspection  and  review  plan  and  describes  the 
Major  Program  Reviews  with  the  Goverament/Airlines/Alrframe  contractor, 
as  well  as  the  P&WA  Design  Reviews.  The  airframe/engine  liaison  is 
also  described. 

C.  DATA  MANAGEMENT  PLAN 

P&WA  plans  to  generate,  collect,  store,  and  disseminate  significant 
technical,  financial,  and  managerial  data  to  facilitate  JTF17  program 
monitoring  and  decision  making.  Tbs  Data  Management  Plan  describes  the 
procedures  and  the  documents  which  will  be  provided  to  the  FAA,  airframe 
manufacturer ,  end  airlines. 

D.  DETAIL  WORK  PLAN 

The  Detail  Work  Plan  quantifies  tasks,  sstsblishes  schedules,  and 
assigns  responsibility  for  discrete  item*  of  work  in  relation  to  the  work 
breakdown  structure.  The  major  elements  of  the  plan  are  a  program 
managament  network,  an  event  dictionary,  and  activity  descriptions. 

The  Detail  Work  Plan  presents  the  total  design,  development,  prototype 
(FTS)  delivery,  and  support  of  the  JTF17  engine  during  Phase  III. 
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The  development  program  is  patterned  after  previous  commercial  and 
high  Mach  number  engine  programs,  as  veil  as  the  work  required  in  Phase 
II-C  to  build  three  demonstrator  engines. 

E.  PRODUCT  SUPPORT  PLAN 

The  Product  Support  Plan  brings  together  in  one  comprehensive  plan 
the  interdependent,  yet  individual,  requirements  of  the  basic  product 
support  elements  for  the  Phase  III  ground  and  flight  tests  and  shows  how 
t'  is  experience  will  be  utilized  to  prepare  for  the  support  of  the  engine 
in  Phase  IV  and  scheduled  airline  operation. 

These  elements  Include: 

1.  Phase  III  maintenance  and  overhaul 

2.  Field  personnel 

3 .  Spares 

4.  Technical  publications 

5.  Training  and  training  equipment 

6.  Ground  support  equipment 

7 .  Data 

The  effort  expended  to  obtain  airline  reccmmendat  „ns  during  Phase 
II-C  and  how  these  efforts  will  be  continued  and  expanded  in  Phase  III 
and  beyond  is  discussed. 

F.  INTEGRATED  TEST  PLAN 

The  Integrated  Test  Plan  details  the  many  and  varied  component  and 
full-scale  engine  teats.  The  direction,  procedures,  and  control  neces¬ 
sary  to  achieve  program  performance  requirame.*'s  are  shown.  The  auto¬ 
matic  data  collection  system,  analysis  procedures,  and  the  integration 
of  reliability,  maintainability,  and  safety  discussed. 

G.  MANUFACTURING  PLAN 

The  Manufacturing  Program  subdivides  into  two  categories.  The 
first  pertains  to  the  manufacture  and  delivery  of  the  prototype  (FTS) 
engines  for  Phase  111,  and  the  second  to  the  manufacture  and  delivery 
of  the  production  engines  in  Phase  V.  The  prototype  engines  will  be 
manufactured  et  the  FRDC  facilities  end  the  production  engines  at  the 
main  manufacturing  facilities  in  Connecticut.  This  at t hod  hee  been 
successfully  employed  with  other  FIDC  developed  engines.  The  Manufac¬ 
turing  Plan  cowers  this  method. 

The  Plan  details  the  Phase  III  objectives  and  describes  how  the 
expsiimoce  gained  in  building  the  Phase  II-C  demonstrator  engines  and 
engine  mockups  has  united  In  formulating  the  Phase  III  plan. 

H.  JTF17  PROGRAM  ROOK 

Program  Management  meetings  will  be  held  in  the  JTF17  Program  Room. 
Certain  c>»art*  will  be  displayed  in  this  rooai  so  thee  they  can  be 
readily  referred  to  during  the  meeting.  It  is  planned  to  have  the  data 
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manager  and  his  files  adjacent  to  the  meeting  room  to  provide  ease  oi 
reference. 

The  charts  intended  for  display  will  be  made  available  to  the  FAA 
for  the  FAA  Control  Room.  They  include: 

1.  JTF17  program  organization 

2.  Program  management  pert  chart 

3.  Master  milestone  chart 

4.  Engine  sectional  breakdown 

5.  Work  breakdown  structure 

6.  Installation  drawing 

These  same  charts  will  also  be  made  available  to  the  airframe  con¬ 
tractor. 

In  addition  to  the  charts  in  the  JTF17  Program  Room,  P&WA  will  provide 
the  FAA  with  copies  of  other  charts  used  for  managerial  control  and  presen¬ 
tation. 


SECTION  VIII 
REPORTING  TO  FAA 

During  Phase  III,  reports  and  data  will  be  submitted  to  the  FAA  in 
accordance  with  the  schedule  and  quantity  shown  on  the  Data  List  Exhibit  1 
of  the  Phase  III  contract. 

From  this  list  the  following  data  will  comprise  the  management  reports 
tram  P&UA  to  the  FAA.  Brief  descriptions  are  contained  in  Exhibit  A. 


Phase  III  Submittal 


Report 

Initial 

Frequency 

Coat  Status  Report 

February  1967 

Monthly 

Schedule  Status  Report 

February  1967 

Monthly 

High  Risk  Area  Report 

February  1967 

Two  Monchs 

Progresa  Report  including 

Date  Ascension  List  as  an  appendix 

March  1967 

Two  Months 

Coat  Baseline  Report 

Septesibar  1967 

Annual 

Annua)  Report 

January  1968 

Annual 

Final  Report,  Phase  111 

Flesh  Failure  Report 

Conclusion 
Aa  Generated 

The  Master  Program  Plan  will  also  be  updated  and  transmitted  to  the 
FM  on  July  1967  and  thereafter  st  6-month  intervals. 


EXHIBIT  A 

DESCRIPTION  OF  REPORTS  TO  FAA 


1 .  Progress  Report 

The  P* jgresa  Report  will  reduce  to  writing  the  program  accomplish¬ 
ments  in  relation  to  the  Detailed  Work  Plan  teaks  and  in  accordance  with 
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the  Work  Breakdown  structure.  Zt  will  contain  aa  an  appendix  a  Data 
Accession  List  which  will  provide  a  Hating  of  the  documentation  which 
has  been  completed  during  the  reporting  period. 

2.  Cost  Status  Report 

The  Cost  Status  Report  is  described  in  the  Cost  Planning  and  Control 
System  Volume  V,  Report  F. 

3.  Schedule  Status  Report 

The  Schedule  Status  Report  is  described  in  the  Schedule  Planning  and 
Control  System  Volume  V,  Report  F. 

4.  Cost  Baseline  Report 

This  report  provides  estimates  of  the  contractors  cost  for  the  total 
SST  development  and  production  program.  The  data  will  provide  a  basis  for 
cost  control  in  Phase  HI  and  will  provide  cost  estimates  necessary  for 
the  evaluation  of  SST  airline  econcsdcs. 

5.  Annual  Report 

The  Annuel  Report  will  summarise  significant  progress  and  the  expendi¬ 
ture  of  resources  during  the  year  and  provide  an  appraisal  of  progress 
with  respect  to  the  total  development  program. 

6.  Final  Report 

The  Final  Report  will  summarise  the  results  of  the  Phase  III  develop¬ 
ment  program  and  assess  its  impact  on  the  total  development  program. 

7.  High  Risk  Area  Report 

The  High  Risk  Area  Report  will  present  e  compilation  of  the  areas  or 
items  where  the  contractor  feels  ths  development  risk  is  highest  or  the 
outcome  is  most  uncertain.  The  report  will  be  in  narrative  form,  discus¬ 
sing  the  area  or  item,  the  potential  inpact,  and  any  Stork  Breakdown 
Structure  elements  involved. 

8.  Plash  Failure  Report 

The  Flesh  Failure  Report  will  notify  th«  PAA  promptly  of  failures 
in  test  hardware  having  a  major  impact  on  the  program  and  provide  a 
description  of  the  test  hardware,  test  c cod  it ions,  type  of  failure, 
preliminary  analysis  and  proposed  corrective  action,  notification  will 
be  by  UK.  Where  the  preliminary  analysis  and  proposed  corrective 
action  are  not  immediately  available  they  will  he  provided  on  an 
expedited  basic  in  e  followup  THX. 
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REPORT  B 

FACILITIES  PROGRAM 
SECTION  I 
INTRODUCTION 


A.  FACILITY  STATUS 

The  purpose  of  this  Report  is  to  present  the  detailed  facility  informa¬ 
tion  for  Phases  III,  IV,  and  V  of  the  Supersonic  Transport  Development 
Program.  It  incorporates  both  the  facilities  acquisition  and  utilization 
plan  and  all  associated  descriptive  and  substantiating  data. 

Following  the  Company's  original  SST  proposal,  a  detailed  study  was 
made  of  the  anticipated  facility  requirements.  These  requirements  were 
then  compared  to  existing  facilities,  with  consideration  given  to  conflicts 
with  other  programs.  From  this  basic  information,  requirements  for  additional 
facilities  or  modifications  to  existing  facilities  were  determined.  Finally, 
costs  and  schedules  were  estimated  for  facility  and  equipment  modifications 
and  additions  planned  for  the  SST  Program.  Orders  are  ready  to  be  placed 
for  long  lead  time  items. 

All  rf  the  facilities  described  in  this  document  exist  now  or  will  be 
acquired  or  placed  in  use  during  Phase  III.  A  distinction  has  been  made 
between  development  facilities  and  those  required  for  prototype  and  over¬ 
haul  delivery  activities  since  testing,  manufacturing,  and  assembly  tech¬ 
niques  and  controls  will  differ.  No  additional  facilities  are  required 
for  Phase  IV;  those  acquired  during  Phase  III  will  continue  to  be  used. 

Ail  of  the  Connecticut  manufacturing  and  tf*t  facilities  described  in  this 
document  will  be  in  existence  and  can  be  used  for  Phase  V  of  the  SST  Program. 
Phases  III  and  IV  of  the  SST  Program  will  be  carried  on  principally  at  the 
Flor'da  Research  and  Development  Center,  with  some  specialized  testing  and 
support  provided  by  the  Connecticut  facilities.  Production  of  JTF17  engines 
in  Phase  V  will  be  accomplished  at  the  Connecticut  plants,  with  development 
continuing  in  Florida. 

FRDC  facilities  now  include  1,150,000  square  feet  of  floor  space.  Man¬ 
ufacturing,  assembly,  and  inspection  tools  number  473  major  items.  The 
turbojet  test  areas  contain  54  stands  with  capabilities  ranging  from  full- 
scale  engine  and  rig  testing  to  small  component  calibration.  Supporting 
theae  activities  are  a  Materials  Development  Laboratory,  a  Computing 
Laboratory,  and  an  Instrument  Laboratory.  For  Phases  III  and  IV,  of  the 
SST  Program,  the  floor  space  will  be  expanded  by  96,000  square  feet.  A 
limited  number  of  major  manufacturing  tools  will  be  added  and  eight  new 
teat  stands  will  be  constructed.  The  Materials  Development  and  Instrument 
Laboratories  will  add  some  new  equipment.  The  Computer  Laboratory  capabilities 
are  now  in  process  of  improvement  by  replacement  of  several  existing  IBM 
systems  with  newer  models.  The  Connecticut  facilities  to  be  used  for  Phases 
III  and  IV  include  the  Andrew  Wiilgoos  Turbine  laboratory,  consisting  of 
14  test  stands;  the  United  Aircraft  Research  Laboratories  W.nd  Tunnel; 
and  the  Advanced  Materials  Development  Laboratory. 

Four  plants,  all  coeapany-owntd  and  in  Connecticut,  will  be  used  for 
Pha»«  V  of  the  SST  Program.  They  contain  7,897,600  square  feet  of  floor 
space  and  approximately  4000  production  machine  tools. 
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By  letter  dated  13  July  1966,  sent  via  the  FAA,  the  Contractor  has 
requested  the  Air  Force  to  make  available  water  capacity  from  Air  Force 
Plant  No.  74  for  use  in  performing  engine  and  component  cooling  operations 
under  Phase  III.  Plant  No.  74  is  located  adjacent  to  the  Florida  Research 
and  Development  Center.  Raw  water  is  supplied  to  Plant  No.  74  through  a 
Government -owned  21-inch  pipeline  from  the  St.  Lucie  Canal.  The  details 
concerning  the  use  of  this  Government  facility  are  described  in  the  letter 
referred  to  above. 

3.  ORGANIZATION  AND  PROCEDURES 

A  Senior  Facilities  Engineer,  reporting  administratively  to  the  Chief, 
Facilities,  has  the  responsibility  for  the  coordination  and  acquisition 
of  all  facilities.  The  facilities  consist  of  two  major  categories:  test 
facilities  and  manufacturing  and  support  facilities.  Under  the  Senior 
Facilities  Engineer,  facilities  engineers  are  responsible  for  the  design, 
procurement,  and  construction  of  major  portions  of  the  facilities.  Each 
facilities  engineer  has  at  his  disposal  personnel  from  the  Facilities 
Engineering  Department  to  perform  each  of  the  above  functions.  This  organi¬ 
zation  is  broken  into  technical  functional  categories  so  that  each  aspect 
is  created  by  competent  and  experienced  engineers.  In  the  design  phase, 
a  design  leader  will  direct  the  activities  of  structural,  mechanical,  and 
electrical  design  engineers.  Upon  completion  of  design,  the  facilities 
engineer  will  initiate  procurement  through  a  procurement  coordinator  who 
is  responsiule  for  all  procurement  activities  from  initiation  through 
receipt  and  acceptance  of  material.  Installation  and  construction  will 
be  supervised  by  mechanical,  civil,  architectural,  and  electrical  engineers 
under  the  direction  of  the  facilities  engineer.  The  budgetary  control 
shall  be  the  responsibility  of  the  individual  facilities  engineers.  Cost 
information  will  be  provided  by  a  Cost  Control  Section. 

The  Senior  Facilities  Engineer  receives  requests  for  facilities  directly 
from  the  JTF17  Program  Managers,  ;he  Chief,  Experimental  Manufacturing, 
and  che  managers  of  each  supporting  laboratory. 

Figure  1  describes  the  organization  responsible  for  the  acquisition 
of  all  facilities. 
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C.  FACILITIES  PLAN 

The  design,  procurement,  construction,  and  checkout  schedules  for  all 
facilities  to  be  acquired  for  Phases  III  and  IV  are  shown  in  figures  2 
through  5.  These  schedules  are  predicated  on  the  requirements  shown  in 
the  Integrated  Test  Plan,  Volume  III,  Report  E,  Sections  I,  II,  and  III, 
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Figure  2.  Phase  III  Facilities  Construction  FD  17658 

Schedules  -  FIDC  Plant  Additions  VB 
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Figure  3.  Phase  III  Facilities  Construction  FD  17659 

Schedules  -  1TF17  Area  C  Test  VB 

Equipment 
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Figure  4.  Phase  III  Pacil'rief  Construction  FD  17660 

Schedule  -  JTF17  Are«t  D  Modifications  VB 

to  Existing  Test  Equipment 
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SECTION  II 

FACILITIES  FOR  PHASES  III  AND  IV 


A.  OFFICE,  MANUFACT,"'1NG,  ASSEMBLY,  AND  INSPECTION  FACILITIES  SUMMARY 
1.  Office  Facilities 

The  existing  Florida  Research  and  Development  Center  engineering  and 
administrative  office  facilities  cover  200,000  square  feet  of  floor  area. 
The  main  office  building  co' er3  150,000  square  feet.  fSee  figure  6.) 


The  manage -s  of  each  department  are  located  in  offices  central  to 
their  departments.  The  SST  Engine  Program  Manager  is  located  in  the 
Program  Management  Area  v.i  the  second  floor  of  the  office  building. 
(See  figure  7.) 


VB-7 


Pratt  &  Whitney  Aircraft 

PWa  FT  66-100 

Vo  ?  URIC  V 


Figure  7.  Existing  Office  Facilities  FD  1767] 

VB 

Manufacturing,  Assembl*  ,  'd  Inspection  Facilities 


FRDC  rrentl  r  has  326,000  square  feet  f  floor  space  allocated  to  its 
Experimental  Shops,  Experiment  1  Assembly,  and  supporting  departments,  as 
shewn  in  figure  8.  Ninety-six  .  nousand  square  feet  of  floor  space  will  be 
added  to  support  the  SSI  Program.  (See  figure  9.) 

a.  Mam:,  actui  ing  Facilities 


11*5* 

Figure  a.  Existing  Facilities  FD  17o?i 

VB 
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The  Experimental  Shops,  composed  of  ..he  hachine  Shop,  Sheet  Met^l 
Fabrication  and  Welding  Shops,  Tube  Forming  and  Tube  Assembly  Shops, 

Tool  Room,  Pattern  Shop,  and  supporting  stores,  total  265,000  square 
feet.  Thirty-two  thousand  square  feet  will  be  added  to  the  Experimental 
Shops  area  for  the  JTF17  Program. 

b.  Experimental  Assembly  C*cilities 

The  Assembly  Facilities,  including  mockup  room  and  components  assembly, 
consist  of  a  completely  air-conditioned  area  covering  61,000  square  feet 
of  floor  area. 

Ti.e  Experimental  Assembly  space  available  will  total  60,700  square 
feet  after  the  expansion  for  the  JTF17  Program.  The  new  Delivery  Assembly 
floor  will  total  29,800  square  feet  of  floor  area. 

c.  Inspection  and  Quality  Engineering  Facilities 

The  Inspection  and  Quality  Engineering  Department  is  subdivided  into 
the  following  ten  major  areas: 

1.  Delivery  Inspection 

2.  Development  Inspection 

3.  Shop  Inspection 
h.  Gage  Standards 

5.  Log-In  and  Records 

6.  Assembly  Inspection 

7.  Nondestructive  Test 

8.  Radiogxaphic  Inspection 

9.  Quality  Review 

10.  Inspection  Methods. 
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These  areas  contain  28,000  thousand  square  feet  of  floor  space.  In  the 
-  expanded  manufacturing  facility,  14,800  square  feet  will  be  added  to  the 
inspection  area.  As  indicated,  development  and  delivery  inspection  have 
been  separated  tc  provide  different  quality  standards  and  techniques  for 
the  two  categories. 

d.  Manufacturing,  Assembly,  and  Inspection  Equipment 

The  existing  manufacturing,  assembly,  and  inspection  equipment  at 
Pratt  &  Whitney  Aircraft  and  prospective  subcontractors,  and  that  To  be 
procured  and  installed  to  support  the  SST  engine  program,  are  shown  in 
Section  IV  on  tables  IV-1  through  IV-7;  IV-18  through  IV-26;  and  IV- 29 
through  IV-32. 

B.  ENGINE  AND  COMPONENT  TEST  FACILITIES  DESCRIPTION 

The  test  facilities  required  for  the  JTF17  Engine  Program  include 

sea  level,  heated  inlet,  and  altitude  stands;  compressor  and  burner  rig 
stands;  and  small  component  and  rig  stands.  A  tabulation  of  the  test 
stands  to  be  used  in  whole  or  in  part  ior  the  JTF17  Program  are  shown 
in  Section  IV  on  tables  IV-8  through  IV -11;  table  1V-27;  and  tables  IV-33 
and  IV-34.  The  sea  level  stands  are  required  for  gereral  engine  development 
testing,  sea  level  calibrations,  thrust  measurement  evaluations,  specific 
fuel  consumption  programs,  and  inlet  distortion  testing;  plus  general 
engine  control  development,  scund  programs,  and  reverser-suppressor 
development.  Heated  inlet  stands  wilt  provide  for  testing  the  engine  at 
elevated  inlet  temperature  and  for  endurance-type  testing.  Altitude 
stands  will  simulate  altitude  and  Mach  number  conditions  operating  over 
the  full  range  of  the  engine  map.  Compressor  rig  stands  will  provide  for 
indiviiual  testing  of  the  high  and  low  full-scale  compressors  at  atmos¬ 
pheric  and  heated  inlet  conditions.  Development  testing  of  turbine  blades 
and  vanes  as  well  as  segmented  annular  burners  and  burner  hardware  will 
be  done  on  burner  stands  with  temperature  capabilities  up  to  2D00  F. 

Small  component  and  rig  stands  are  necessary  for  the  development  testing 
of  ignition  systems,  bearings,  seals,  gearboxes,  actuators,  and  various 
fuel  system  components,  including  i~ain  engine  fuel  control,  duct  heater 
controls,  hydraulic  pumps,  exhaust  nozzle  controls,  scavenge  pumps,  main 
engine  oil  pumps,  fuel  nozzles,  spraybars,  and  Electronic  engine  controls. 

The  majority  of  the  JTF17  engine  and  component  testing  will  be  done 
at  FRDC.  Existing  test  facilities  include  seven  sea  level  test  stands, 
of  which  two  are  heated  irlet,  and  one  burner  stand  located  in  Test  Area 
A.  Area  C,  the  High  Mach  Number  Laboratory,  contains  two  burner  stands, 
one  compressor  stand,  and  two  altitude  stands;  and  also  other  services 
(compressor-exhausters,  cooling  water  syateau,  air  heaters,  etc.)  that 
provide  simulated  altitude  and  high  Mach  number  environmental  con  itionr.. 

In  the  Small  Componenta  Test  Facility,  Area  D,  ihere  are  42  component  and 
rig  teat  benches.  Jet  fuel  is  supplied  to  all  facilities  from  a  fuel 
"farm"  consisting  of  storage  tanks,  pumps,  and  distribution  piping. 
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During  the  SST  Phase  1I-C  Program  (JTFi7  Demonstration),  the  J58 
project  shared  two  sea  level  test  stands  with  the  JTF17  Program,  rn 
order  to  conduct  a  major  dual  engine  development  program,  it  will  be 
necessary  to  convert  one  additional  sea  level  stand  for  JTF17  development 
testing  with  1007.  utilization.  It  will  also  be  necessary  to  utilize  the 
two  coexistent  sea  level  test  stands  1007.  of  the  time  for  the  JTF17.  One 
additional  sea  level  test  facility  will  be  required  for  sound  and  ejector/ 
reverser  test  programs,  and  will  be  utilized  100%  b"  the  JTF17  Program. 

Two  existing  sea  level  test  stands  will  be  converted  during  the  latter 
portion  of  Phase  III  for  specific  sea  level  delivery  engine  testing.  The 
existing  burner  stand  in  the  sea  level  area  will  be  25  to  30%  utilized 
by  the  JTF17  Program.  One  existing  heated  inlet  stand  will  be  utilized 
33%  of  available  stand  time  at  sea  level  conditions  for  engine  burner 
rig  testing. 

The  High  Mach  Number  Laboratory  will  be  expanded  by  adding  one  additional 
altitude  stand  for  high-altitude  development  work  to  be  utilized  100%  by 
the  JTF17  Program.  The  present  coexistent  altitude  test  stand  will  be 
fully  converted  for  the  JTF17  Program  and  utilized  approximately  80%  of 
the  time  for  JTF17  testing.  One  additional  compressor  stand  will  be 
constructed  for  operation  independent  of  the  high-altitude  facility,  and 
will  be  utilized  100%  by  the  JTF17  Progra:,.  for  high  and  low  compressor 
testing.  The  existing  high  compressor  stand  will  be  utilized  50%  of 
available  stand  time  for  JTF17  high  compressor  testing.  Additional  air 
and  cooling  water  services  will  be  procured  and  installed  to  meet  the 
heated  air  inlet  and  exhaust  cooling  water  requirements  necessary  to 
accommodate  the  JTF17  engine  air  flows  and  temperatures.  Additional 
cooling  water  will  be  obtained  from  Air  Force  Plant  No.  74  as  mentioned 
in  Section  I. 

Three  new  heated  inlet  stands  will  be  constructed  to  provide  high  air 
flows  and  temperatures  to  the  JTF17  Engine  for  long-time  endurance  require¬ 
ments  at  heated  inlet  conditions. 

Additional  altitude  testing  will  be  done  in  Stand  X-210  at  F&WA’s 
Andrew  Willgoos  Laboratory  in  East  Hartford,  Connecticut.  Between  the 
Florida  and  Connecticut  facilities,  the  entire  JTF17  flight  envelope 
can  be  simulated. 

In  the  Small  Components  Test  Facility,  11  of  the  existing  42  rig  and 
component  test  benches  will  require  wodit  ications  for  fuel  control  testing; 
general  purpose  fuel  system  component  testing;  hydraulic  pump,  fuel  pump, 
gearbox,  seal  and  bearing  testing;  and  environments!  testing  of  the  system. 
These  benches  will  be  utilized  100%  of  the  time  for  the  JfF17  Program. 

In  addition  to  the  II  modified  benches,  two  new  electronic  fuel  control 
stands  will  be  constructed  for  general  control  development  work,  and  will 
be  utilized  iG0%  of  the  time  for  the  JTF17  Prc  ram.  The  15  existing 
benches  will  be  utilized  60  :o  70%  of  the  available  bench  time  on  the 
JTF17  Progra®.  Additional  new  benches  will  be  provided  for  deliver*.’  engine 
component  testing. 

Figure  10  depicts  the  utilization  of  the  rsjot  test  facilities  Sy  the 
J58  and  JTF17  and  other  program*  fro®  the  start  of  Phase  III  through  engine 
certification . 
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Figure  10.  Projected  JTF17  Test  Stands 
Occupancy  (Sheet  1  of  2) 
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Figure  10.  Projected  JTF17  Test  Stands 
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Expansion  of  the  "fuel  farm"  will  consist  of  adding  two  1,000,000- 
gallon  storage  tanks  and  additional  distribution  systems  from  the  farm 
to  the  test  areas,  with  the  necessary  pump  capacity  to  service  the  JTF17 
Program.  Additional  data  acquisition  and  other  instrumentation  systems, 
such  as  disaster  monitoring,  transient  recording,  tnd  manual  instrumentation, 
will  be  installed  in  all  test  areas  for  the  JTF17  Program. 


Table  11-1  indicates  the  number  of  test  hours  projected  for  the  peak 
year  of  the  SST  Phase  111  Program,  and  the  number  of  stands  required  to 
meet  the  peak  effort.  Both  JTF17  and  other  engine-required  test  hours 
are  shown,  along  with  the  average  number  of  test  hours  per  stand  per  year, 
based  on  previous  history.  From  these  figures,  the  number  of  stands 
required  for  the  combined  programs  and,  therefore,  the  number  of  stands 
that  must  be  added,  has  been  determined. 
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Figure  li  shows  the  proposed  additions  and  modifications  to  the 
Turbojet  Engine  and  Components  Test  Facilities  for  adaptation  for  the 
JTFI7.  The  following  paragraphs  describe  these  changes,  including  each 
test  area  s  resulting  capabilities. 


Figure  11.  Tuibojet  Test  Facilities  FD  17675 

VB 


1.  Sea  Level  Engine  Calibration  and  Endurance  Test  Facilities 
a.  SST  Program  Requirements 


Six  Sea  Level  Engine  Test  Stands  and  one  3urner  Stand  are  required 
to  conduct  the  SST  Program.  Five  existing  FRDC  engine  stands  will  be 
avai'able  and  capable,  with  modifications,  of  testing  the  JTF1'’  engine. 
These  stands  are  A-3,  A-4,  A-5,  A-6,  and  A-7.  One  new  stand,  A-9,  will 
be  built.  The  A-ll  Burner  Stand  -ill  be  capable  of  JTF17  combustor 
testing.  (See  figure  12  for  an  aerial  view  of  Area  A.) 
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Figure  12.  Aerial  View  of  Area  A  7C  1333^ 

VB 

b.  Existing  Test  Stands  Descriptions 
(1)  A-3  and  A-4  Test  Stands 

(a)  General  Description 

Sea  level  calibration  and  endurance  testing  of  full-seal'  engines 
is  accomplished  on  stands  A-3  and  A-4.  Eacli  stand  consists  >f  an  engine 
mount  anu  thrust  measuring  system,  fuel  supply  system,  and  a  control 
room  provided  with  engine  monitoring  ind  controls.  Performance  data  is 
collected  through  a  data  acquisiti  .  system.  Toe  stands  have  already 
been  modified  for  JTF>  7  testing  as  part  oc  the  SSI  Phase  Il-G  Program. 
Figure  13  :  hows  tiie  A-3  stand  with  a  JITi?  engine  hull!  Jed. 

(b)  MoJif icat ion  and  Additions  Required 

Additional  da! a  system  capability  will  be  added  consisting  ol: 

1  loti  steady-state  pressure  channels 
2.  4  t  ]  v>w  and  speed  channels 


VB-15 


Pratt  &  Whitney  Aircraft 

PWA  FT  66-100 
Volume  V 


Figure  13.  A-3  Test  Stand  FE  61389 
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(c)  Test  Stand  Capabilities 

Tiie  thrust  block  thrust  stand  and  measuring  system  are  capable  oi 
withstanding  80,000  pounds  of  thrust. 

(d)  Instrumentation 

A  centrally  located  data  acquisition  system  is  provided  with  the 
capability  of  recording  the  following: 

1.  300  steady  state  pressure  channels 

2.  40  transient  pressure  and  thrust  channels 

3.  16'"  temperature  channels 

4.  10  flow  and  speed  channels 

5.  12  vibration  channels 

Figure  14  shows  the  data  acquisition  system  used  to  r  com  data  from  A-3 
and  A-4  test  stands.  The  data  acquisition  system  can  be  used  to  record 
data  in  two  basic  modes,  steady-state  and  transient.  In  t|.<  steady-state 
mode,  10  readings  are  taken  from  each  channel,  and  the  average  of  these 
ten  readings  is  used  to  define  steady  state  performance.  In  die  transient 
mode,  all,  or  a  selected  portion  of,  the  channels  arc  sampled  -it  a  high 
samoic  rate  for  the  duration  cf  the  transient.  Tb”  transient  mode  has 
been  used  on  engine  test  programs  to  study  control  \stcm  response,  start¬ 
ing  characteristics,  surge  line  definition,  am'  simulated  mission  cycles. 
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Figure  14.  Data  Acquisition  System  KC  1234b 
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A  general  purpose  digital  computer  (figure  15)  is  provided  to  make 
computed  results  available  to  the  test  engineer  while  the  Lest  is  in 
progress.  This  computer  is  integrated  with  both  Areas  A  and  C  data 
ecording  systems.  The  computer  converts  the  raw  digital,  data  into 
v  ;inecring  units,  and  then  solves  performance  analysis  equations  and 
tin  condensed  results  are  transmitted  to  printers  located  in  the  control 
rooms.  Typical  calculations  include  air  flow,  corrected  fuel  w>  igiit 
flow,  Mach  number  simulated  altitude,  thrust  specific  fuel  consumption, 
and  component  efficiencies.  Typical  elapsed  time  between  recording  a 
point  and  having  condensed  data  available  to  the  Lest  engineer  is  2  min¬ 
ute  .  Complete  data  reduction  is  also  performed  by  the  computer  and 
tabu ! a ted  on  a  high  speed  printer  for  more  complete  data  analysis. 


Figure  i>.  Central  Purpose  Digital  Computer  FC  123-; 

VR 
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Continuous  monitoring  equipment,  consisting  of  11  channels  that  au 
fed  into  a  magnetic  tape  recorder/reproducer  system  is  provided.  The 
channels  are  as  follows: 

1.  3  pressure  channels 

2.  1  temperature  channel 

3.  1  vibration  channel 

4.  3  flow  speed  channels 

3.  3  position  channels 

Three  separate  fuel  systems,  each  capable  of  supplying  120,000  pounus  per 
hour  of  jet  fuel  at  ambient  temperature  at  pressures  up  to  i00  psig,  arc- 
avail  able . 

A  compressed  air  system  which  is  capable  of  delivering  air  at  a  rate  of 
0  pounds  per  second  at  80  psig  for  engine  starting  and  motoring,  is  available. 

(2)  A-5  Test  Stand 

(a)  General  Description 

A- 3  is  a  sea  level  calibration  and  endurance  stand  for  full-scale 
engine  testing. 

(b)  Modifications  and  Additions 

An  increased-f low  fuel  filter,  duct  reverser  and  «>»j»pcrts,  inlet  screen 
and  dolly,  80,000  pounds  thrust  platform  assembly,  engine  thrust  mount, 
and  concrete  thrust  block  set  on  piling,  concrete  pads  behind  engine  exhaust, 
engine  transport  trailer,  and  additional  data  rcceiding  system  components 
will  be  added.  The  existing  fuel  package  will  be  modified  lor  increased 
flow . 

(e)  Resulting  Test  Stand  Capabilities 

Hie  capabilities  will  be  the  same  as  those  cl  A-d  and  A-4. 

(3)  A -6  and  A- 7  Test  Stands 

(a)  General  Description 

A-6  and  A-7  are  sea  level  calibration  and  endurance  stands  for  full- 
scale  engine  testing.  They  will  be  modified  specifically  for  delivery 
engine  testing. 

(b)  Modi ficatiors  and  Additions 

An  increased  flow  fuel  filter,  duct  re'trser  and  supports,  inlet  screen 
and  dolly,  supports,  8G,OOC  pounds  thrust  platform  assembly,  engine  thrust 
,nou-'t,  and  concrete  thrust  block  set  on  piling,  concrete  pads  behind  engine 
exhaust,  engine  transport  trailer,  and  a  14 -channel  strain  gauge  system 
will  be  provided  at  b*th  stands. 
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For  A-7  only,  continuous  monitoring  equipment,  a  40-manometer  tube 
bank  and  a  400  cycle  M-G  set  will  be  added. 

(c)  Resulting  Test  Stand  Capabilities 

The  thrust  block,  thrust  stand  and  measuring  system  will  be  capable 
of  withstanding  80,000  pounds  of  thrust. 

The  following  instrumentation  will  be  provided: 

1.  56  channels  of  transient  recording  capability  with  portable 
equipment 

2.  Control  Room  instrumentation  for  observation  of  pressure, 
temperature  and  flow  (manometers,  pressure  gages,  digital 
readouts  and  potentiometers). 

3.  Continuous  monitoring  equipment  of  18  channels  red  into 
a  magnetic  tape  recorder/reproducer  system. 

Three  separate  fuel  systems,  each  capable  of  supplying  120,000  pounds  per 
hour  of  jet  fuel  at  ambient  temperature  and  pressures  to  100  psig,  are  available 

A  compressed  air  system  that  is  capable  of  delivering  air  at  a  rate  of 
6  pounds  per  second  at  80  psig  for  engine  starting  and  motoring,  is  available. 

(4)  ..-,11  Burner  Stand 

(a)  General  Description 

This  stand  is  capable  of  burner  rig,  afterburner  spraybar  rig,  and 
turbine  rig  testing.  Inlet  air  is  ducted  to  the  r‘g  from  a  JT3  engine 
exhaust. 

(b)  Test  Stand  capabilities 

1.  Fuel  flow  of  2000  pounds  per  hour  at  500°F 

2.  iMrtlow 

a.  160  pounds  per  second  at  900i’F,  vitiated 

b.  9  pounds  per  second  at  450'F  and  120  psig,  nonvitiated 
(JT3  bleeds) 

c.  New  Sea  Level  Test  Stand  Description 

(1)  A -9  Test  Stand 

(a)  General  Description 

t 

A-9  stand  will  be  a  sea  level  facility  Suitable  tor  testing  the  thrust 
reversers  of  the  SST  engine.  In  addition,  it  will  be  used  foi  engine  noise 
level  determination,  utilizing  truck -mounted  sound  equipment  operating 
on  a  road  parallel  to  the  axis  of  the  engine. 
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(b)  Equipme.it  Requited 

The  stand  will  consist  of  a  control  room,  engine  thrusr  stand  and 
mounts,  engine  monitoring  instrumentation,  fuel  and  starter  air  systems, 
and  sound  measuring  instrumentation. 

d.  Fuel  Storage  and  Distribution  System  (Fuel  Farm) 

(1)  General  Description 

A  jet  fuel  storage  area  is  located  east  of  Areas  A  and  C.  A  distribu¬ 
tion  system  carries  fuel  to  each  test  area. 

(2)  Modifications  nd  Additions  Required 

Two  new  1,000,000  gallon  jet  fuel  storage  tank  systems,  six  new  pumps, 
each  with  a  pumping  capacity  of  650  gpm,  and  two  new  t^n-inch  distribution 
lines,  including  filters  and  valves,  to  Areas  A  and  C  will  be  provided. 

(3)  Resulting  Capabilities 

1.  Fuel  storage  tanks  totaling  3,300,000  gallons 

2.  Nine  pump.. ,  each  with  a  225  gpm  capacity  at  a  head  of  296  feet 

3.  Six  pumps,  each  with  650  gpm  capacity  at  a  head  of  296  feet 

4.  Three  six  inch  and  two  ten  inch  pipe  lines  distribute  the 
fuel  to  Areas  A  and  C. 

e.  Compressed  Air  Supply  and  Distribution  System 
(1)  General  Description 

A  compressed  air  system  is  located  in  area  A  for  engine  starting 
and  motoring.  No  modifications  or  additions  are  planned  for  the  system. 
Its  capabilities  are: 

1.  Delivery  of  two  pounds  per  second  w<th  four  reciprocal 
machines  operating 

2.  A  total  volumetric  capacity  of  3000  cubic  feet  is  provided 
by  seven  air  receivers 

3.  Delivery  of  six  pounds  per  second  of  compressed  air  at 
80  psig  over  short  periods  for  jet  engine  starting  and 
motoring. 

2.  Heated  Inlet  Engine  Calibration  and  Endurance  Test  Facilities 
a.  SST  Program  Requirements 

Three  new  heated  inlet  tc^t  stands  will  be  required  for  the  SST 
engine  program  to  endurance  test  engines  at  cruise  conditions.  These 
atands  will  be  designated  C-8,  C-9  and  C-10. 
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b.  Genera]  Descri,  tiion 

The  stands  will  be  interconnected  to  the  service  facilities  so  that 
any  two  stands  may  be  operated  simultaneously.  Ram  air  will  be  provided 
by  compressors,  driven  by  FT4A-2  drives.  The  pressure  and  temperature  of 
the  air  supplied  will  simulate  that  required  at  cruise  conditions.  Fan 
air  discharge,  because  of  its  higher  total  pressure,  wi  1 1  1  e  discharged 
to  atmosphere.  Engine  air  will  be  cooled  by  spray  water,  ducted  to  a 
scrubber  to  reduce  the  temperature  and  thence  to  exhausters,  driven  by 
FT4A-2  drives,  exhausting  the  air  to  atmosphere.  The  engine  will  be 
shrouded  and  heated,  and  a  fuel  system  will  be  provided  to  simulate  actual 
temperature  conditions  encountered  in  flight.  Provisions  will  be  made 
for  testing  with  simulated  engine  inlet  distortion.  The  major  components 
of  each  heated  inlet  stand  will  be  an  inlet  duct  and  plenum,  and  engine 
shroud  and  mounts,  exhaust  ejector -diffuser ,  a  fan  air  exhaust  collector, 
a  heated  fuel  system,  and  engine  and  stand  instrumentation.  Two  control 
room  buildings  will  be  provided  for  the  three  stands. 

A  independent  data  acquisition  system  will  be  provided  to  make  the 
following  measurements  from  C-8,  C-9  and  C-iO  test  stands: 

1.  80  steady-state  pressure  channels 

2.  40  transient  press  re  and  thrust  channels 

3.  100  temperature  channels 

4.  10  flow  and  speed  channels. 

The  system  will  record  from  one  test  stand  at  a  time,  but  will  be  able 
to  switch  from  one  stand  to  another  in  a  matter  of  seconds.  Included  is 
a  tie-in  to  the  existing  computer  in  Area  A  providing  Control  Room  display 
of  critical  performance  parameters  while  testing  is  in  progress. 

The  heated  inlet  stand  services  consist  of  tour  200,000  SCFM  compressors 
driven  by  two  FT4A-2  drives.  Each  set  is  capable  of  supplying  the  ram  air 
required  by  one  heated  inlet  stand  and  therefore  two  stands  can  be  run 
simultaneously.  The  exhauster  system  will  consist  of  four  200,000  SCFM 
compressors  driven  by  one  FT4A-2  drive.  Two  compressors  will  exhaust  the 
engine  air  from  each  stand  to  atmosphere.  Scrubbers  will  cool  and  exhaust 
gases  and  remove  moisture  from  them.  The  Are*  *'  cooling  tower  system 
w-U  supply  the  ne-essary  cooling  water. 

c.  Resulting  Test  Capabilities 

1.  Fuel  flow  of  70,000  pounds  per  hour  at  55  psig  heated  to  300°F  or 
120,000  pounds  per  hour  at  ambinet  (sea  level) 

2.  Ram  airflow:  515  pounds  pe*.  second  at  51  inches  of  mercury, 
absolute  (Hga) 

3.  Exhaust  airflow:  123  pounds  per  second  at  10  inches  Hga 

4.  Temperature  air:  Temperatures  up  to  500CK 

A  diagram  of  the  facility  is  shown  In  figure  16.  The  heated  inlet  facility 
envelope  is  shown  j.n  figure  17. 
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Figure  16.  Heatt_  Inlet  Stands  -  C-3,  C-9, 
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Figure  17.  C-8,  C-9,  and  C-10  rest  StanJ  FD  17678 
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3.  Simulated  Altitude  and  High  Mach  Number  Engine  Test  Facilities 
a.  SST  Program  Requirements 

Two  Simulated  Altitude  and  High  Mach  Number  Engine  Test  Stand*  are 
necessary  to  conduct  the  testing  required.  In  this  facility,  flight  con¬ 
ditions  can  be  simulated  over  an  engine  flight  envelope.  One  existing 
test  stand,  C-4,  will  be  available  after  modification  for  testing  the 
JTF17  engine.  One  new  test  stand,  C-6,  will  be  constructed.  Both  C-4 
and  C-6  stands  will  be  connected  to  Area  C  services. 
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b.  Existing  Test  Stand  Descr’ption 

(1)  C-4  Test  Stand 

(a)  General  Description 

The  C-4  test  stand  provides  simulated  Mach  number  conditions  of  pressure, 
temperature,  and  air-weight  flow  for  full-scale  engine  testing.  (See 
figure  18  for  C-4  stand  with  JTF17  engine  mounted.) 


Figure  18.  C-4  Tes"  Stand  with  a  JTF17A  FAE  61153 

Engine  Installed  VB 

(b)  Modifications  and  Additions  Required 

1.  Modify  stand  plenum  chamber  ducting  and  valves  to  supply  air 
to  a  turbofar.-type  engine 

2.  Connect  fuel  system  into  new  fuel  heater 

3.  Provide  engine  shroud  and  ejector  diffuser 

4.  Provide  increased  stand  instrumentation  and  data  acquisition 

5.  Rework  existing  fire  protection  and  detection  systems. 

(c)  esulting  Test  Stand  Capabilities 

1.  Fuel  flow  of  150,000  pounds  per  hour  at  55  ps ig  and  300°F 
heated  conditions 

2.  Ram  airflow:  1240  pounds  per  second  at  500°F  and  150  inches 
Hga  atmospheric  intake 

3.  Exhaust  airflow 

a.  300  pounds  pe;  second  at  12  inches  Hga 

b.  625  pounds  per  second  at  22  inches  Hga 

c.  Atmospheric  exhaust 
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(d)  Data  Acquisition  System  (See  figure  10.) 

A  centrally  located  data  acquisition  system  is  provided  with  the 
capability  of  recording  the  following: 

1.  320  steady-state  pressure  channels 

2.  180  temperature  channels 

3.  40  transient  pressure  channels 

4.  10  flow  and  speed  channels 


Figure  19.  Data  Acquisition  System  -  C-4  FC  12348 

Test  Stand  VB 

The  data  acquisition  system  can  be  used  to  record  data  in  two  basic 
modes;  steadv-state  and  transit. it.  Tn  the  steady-state  mode,  10  readings 
are  taken  from  each  chantt«4  and  the  average  of  these  10  readings  is  used 
to  define  steady-state  performance.  In  the  transient  mode,  all  or  a 
selected  portion  of  the  channels  are  sampled  at  a  high  sample  rate  lor 
the  duration  cf  the  transient.  The  transient  mode  has  beem  used  on  engine 
test  programs  to  study  control  system  response,  starting  character ist ies , 
surge  line  definition,  and  simulated  .  ission  cycles. 

A  general  purpose  digital  computer  (figure  13)  is  provided  to  make 
computed  results  available  to  the  test  engineer  while  the  test  is  in 
progress.  This  computer  is  integrated  with  both  the  Area  A  and  Area  C 
data  recording  systems.  The  computer  converts  the  raw  digital  data  into 
engineering  units,  and  Chen  solves  performance  analysis  equations  and  the 
condensed  results  are  transmitted  to  printers  located  in  the  control  rooms. 
Typical  calculations  include  air  flow,  corrected  fuel  weight  flow,  Mach 
number  simulated  altitude,  thrust  specific  fuel  consumption,  and  component 
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efficiencies.  Typical  elapsed  time  between  recording  a  point  and  having 
condensed  data  available  to  the  test  engineer  is  2  minutes.  Complete 
data  redaction  is  also  performed  by  the  computer  and  tabulated  on  a  high¬ 
speed  printer  for  more  complete  data  analysis. 

c.  New  Test  Stand  Description 

(1)  C-6  Test  Stand 

(a)  General  Description 

C-6  will  provide  simulated  high  Mach  number  conditions  of  pressure, 
temperature,  and  air-weight  flows  for  full-scale  engine  testing.  The 
major  components  will  be  control  room  building,  test  stand  structure 
including  crane  and  engine  bedplate,  engine  shroud  and  engine  ejector- 
diffuser,  air  and  gas  ducting,  engine  plenum  section,  control  valves  and 
controls,  heated  fuel  system  consisting  of  heater  and  distribution  system, 
fire  protection  and  detection  system,  control  room  and  stand  instrumenta¬ 
tion  connections  to  existing  data  acquisition  system  and  mechanical  and 
electrical  installation  of  all  equipment.  The  C-6  facility  flight  envelope 
is  shown  on  figure  20. 
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(b)  Resulting  Test  Stand  Capabilities 

The  test  stand  capabllitlea  will  be  the  same  as  C-4.  A  diagram  of 
C-6  facilities  Is  shown  on  figure  21. 
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(2)  Engine  Altitude  Test  Stand  X-210 

This  test  stand,  which  is  located  at  The  Andrew  Willgoos  Turbine 
Laborator>  in  East  Hartford,  Connecticut,  is  a  duct-connected  engine 
test  stand.  It  is  currently  the  largest  in  tne  Laboratory  and  is  de¬ 
signed  to  utilize  the  entire  compressor  and  exhauster  capacity.  This 
stand  will  be  used  for  that  part  of  the  JTF17  engine  development  testing 
requiring  refrigerated  air.  The  X-210  test  capabilities  map  is  shown 
on  figure  22. 


Figure  22.  X-210  Teat  Stand  Capabilities  F0  17682 

VB 
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(J)  Test  Stand  Capabilities 

1.  Maximum  altitude:  90,000  feet 

2.  Maximum  refrigerated  air:  450  pounds  p<  r  second,  at  10°F 

3.  Fuel  supply  capability:  60,000  pounds  per  hour  from  -65 
to  165°  F 

4.  Simulated  Altitude  and  High  Macii  Number  Component  Test  Facilities 

a.  Fan  and  Compressor  Facilities 


(1)  SST  Program  Requirements 

Two  full-scale  fan  and  compressor  test  stands  are  required.  One 
existing  stand,  C-3,  will  be  used  for  JTF17  high  compressor  rig  testing 
on  a  "share"  basis  with  the  J58  program.  One  additional  stand,  C-7,  11 

be  constructed  for  full  time  testing  of  either  the  JTF17  high  or  low 
compressor.  Both  stands  will  utilize  the  compressor-exhauster  capabili¬ 
ties  of  the  Area  C  service  facilities. 


(2)  Existing  Test  Stand  Description  and  Capabilities 

Test  stand  C-3  provides  simulated  high  Mach  number  cnryH t ions  of 
pressure,  temperature,  and  airflow  for  compressor  testing.  No  modifica¬ 
tions  are  required  or  planned  for  this  stand.  Its  capabilities  ate: 

1.  Ram  airflow: 

a.  400  pounds  per  second  at  105  inches  Hga 

b.  500  pounds  per  second  at  60  inches  Hga 

c.  Throttled  atmospheric  intake 

2.  Exhaust  airflow: 

a.  20  pounds  p».  r  second  at  1.5  inches  Hga 

b.  250  pounds  per  second  at  22  inches  Hga 

c.  Atmospheric  exhaust 

3.  Air  temperature:  250  pounds  per  second  at  700®F 

4.  Steam  turbine  drive  delivering  24,000  hp  at  8500  rpm  to 
test  compressor 

5.  Instrumentation:  Centrally  located  Automatic  Data  Acquisi¬ 
tion  and  processing  equipment  with: 

a,  180  tempc  ture  channels 

b,  200  steady-state  pressure  channels 

c,  40  transient  pressure  channels  and  9  speed  or  flow 
channel 

6.  Data  system  produces  computed  performance  parameters  in  the 
control  room  while  testing  is  in  progress 
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7.  Similar  channels  to  the  above  are  also  reproduced  in  the 
control  room  for  test  personnel  observation- 

(3)  New  Test  Stand  Detcription 

Test  stand  C-7  will  provide  simulated  high  Mach  number  conditions  of 
pressure,  temperature,  and  airflow  for  full-scale  fan  or  high  pressure 
compressor  testing.  The  major  components  will  be  a  control  room  building, 
stand  structure,  compressor  and  turbine  bedplates,  control  room  and  test 
stand  instrumentation,  air  and  gas  ducting,  inlet  section,  control  valves 
and  controls,  test  compressor  mounts,  exhaust  collectors,  inlet  adapter, 
test  compressor  drive  equipment,  and  mechanical  and  electrical  installa¬ 
tion  of  all  equipment.  Data  acquisition  equipment  will  te  provided  and 
connected  to  the  existing  Area  C  data  system. 

(4)  New  Test  Stand  CapaMlitj.es 

1.  feuK  airflow: 

a.  400  pounds  per  second  at  120  inches  Hga 

b.  500  pounds  per  second  at  60  inches  Hga 

c.  Throttled  atmospheric  intake 

2.  Exhaust  airflow 

a.  20  pounds  per  second  at  1.5  inches  Hga 

b.  250  pounds  per  second  at  23  inches  Hga 

c.  Throttled  atmospheric  exhaust 

3.  Air  temperature:  700°F  at  250  pounds  per  second  at  120 
inches  Hga 

4.  Gas  turbine  drive,  delivering  52,500  hp  at  9000  rpm 

5.  Data  acquisition  system: 

a.  160  steady-state  pressure  channels 

b.  100  temperature  channels 

c.  100  transient  pressure  channels  (40  convertible  to  temper¬ 
ature) 

d.  9  flow  and  speed  channels. 

A  diagram  of  the  C-7  facil  .y  is  shown  on  figure  23. 
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Two  test  stands  are  required  for  turbine  component  testing.  These 
stands  are  required  to  investigate  and  develop  turbine  blade  and  vane 
materials  and  configurations,  T$?o  existing  FItSG  test  stands,  C-l  and 
C-2,  will  be  available  for  this  testing.  Each  stand  is  connected  to 
the  Area  C  service  facilities. 

(2)  Stand  Description  and  Capabilities 

C-l  send  C-2  each  provide  simulated  operating  conditions  of  temperature, 
pressure,  and  air-weight  flow  for  turbine  blade  and  vane  testing.  No 
modifications  are  required  or  planned  for  these  stands.  Their  present 
capabilities  are: 

1.  Ram  aisflow: 

’  a.  9  pounds  per  second  at  63  inches  Hga 

b.  100  pounds  per  second  at  120  inches  Hga 

c.  24  pounds  per  Secbnd  at  180  inches  Hga 

2.  Exhaust  airflow:  15  pounds  per  second  at  4.2  inches  Hga 

3.  Air  temperatures: 

a.  20  pounds  per  second  at  900°F  nc””,-'tiated 

b.  120  pounds  per  second  at  350°F  nouvitiated 

c.  20  pounds  per  second  at  2500°F  vitiated 

4.  Jet  fuel:  5000  pounds  per  hour  at  ambient  temperature  to 

500°F  and  500  psig 

5.  Instrumentation: 

a.  Thirty  -  100-inch  manometer  tubes 

b.  Forty-three  -  temperature  channels  (0-2400°F) 

c.  Forty-seven  -  temperature  channels  (0-1200°F) 
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6.  Data  recording: 

a.  80  temperature  channels 

b.  40  pressure  channels 

c.  5OU0  measurements  per  second. 

5.  Simulated  Altitude  and  High  Mach  Number  Service  Facilities 

a.  SST  Program  Requirements 

Area  C  test  stands  require  additional  ram  and  exhaust  flow  capacity, 
inlet  air  heating*  and  exhaust  gas  cooling  capacity. 

b.  Existing  Facility  Description 

Compressor-exhauster  units,  scrubbers,  ejectors,  and  air  heater 
provide  simulated  altitude  and  Mach  number  conditions  for  engine  and 
component  testing  in  Area  C.  (See  figure  24.) 


Figure  24.  Test  Area  C 


c.  Modifications  and  Additions 


FC  13296 
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The  major  modifications  will  consist  of  new  site  work  and  a  building 
for  compressor-exhauster  machinery;  new  FT4A-7  jet  engine  drive  units 
and  axial  flow  compressor-exhausteu;  air  and  exhaust  gas  ducting,  valves 
and  scrubbers;  electrical  services,  including  transformers,  substation 
and  feeds;  utilities  services;  one  new  air  heater;  and  a  cooling  and 
exhaust  scrubbing  water  system,  including  a  cooling  tower. 

d.  Resulting  Service  Capabilities 

1.  Ram  airflow:  1240  pounds  per  second  at  105  inches  Hga 

2.  Exhaust  airflow: 

a.  300  pounds  per  second  at  12  inches  Hga 

b.  625  pounds  per  second  at  22  inches  Hga 

3.  Air  temperatures:  up  to  500°F. 
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6.  Small  Components  Test  Facilities 

a.  SST  Program  Requirements 

Twenty-ei ght  small  component  stands  and  benches  are  required  for 
development  testing.  They  will  be  necessary  for  testing  complete  control 
systems  and  subcomponents;  ignition  systems;  such  mechanical  components 
as  oil  pumps,  gearboxes,  bearings,  and  seal  systems;  and  ocher  engine 
auxiliary  equipment.  Two  new  electronic  control  benches  will  be  built. 

The  remaining  26  required  stands  and  benches  exist  at  FRDC  in  Area  D, 
and  •  'll  be  available  for  JTF17  component  testing. 

b.  Existing  Facilities  (Nonmodified) 

A  photograph  of  Area  D  is  shown  in  figure  25,  The  following  paragraphs 
describe  the  test  facilities  that  will  be  available  for  the  JTF17  test 
program  without  modification. 

(1)  D-l  Stand 

(a)  General  Description 

This  stand  is  for  testing  bearing  comparthiefit  seals  of  various  types. 


Figure  25.  Test  Area  D  FC  4617 
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(b)  Present  Stand  Capabilities 
1.  Drive: 

a.  Gasoline  engine;  125-hp,  with  gearbox  output  speed 
variable  to  11,000  rpm  maximum 

b.  "Visridrive,"  15-hp;  one  output  pad  speed  range  1100 
to  5500  rpm;  the  other,  2400  to  12,000  rpra 
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2.  Oil  system;  22  gpm  at  100  psi,  design  temperature  1()00CF 
maximum 

3.  High-temperature  air:  1000°F  at  375  psi,  or  1500°F  at 
150  psi,  0.33  pounds  per  second 

4.  Altitude  exhaust:  0.3  pound  per  second  airflow  at  2  inches 
mercury  absolute. 

(2)  D-3  S  ind 

(a)  General  Description 

Tills  stand  is  for  testing  engine  oil  puntp3  and  bearing  rigs. 

'b)  Present  Stand  Capabilities 

1.  Drive 

a.  "Varidrive";  60-hp;  output  drive  speed  range  2350 
to  11,600  rpm 

b.  Two  "Varidrives 7-1/2-hp,  1000  to  5000  .rpm  variable 
speed  output 

2.  Oil  system:  22  gpm  at  100  psi;  design  temperature  1000°F 
maximum 

3.  High-temperature  air  system:  1000°F  at  375  psi  or  1500°F 
at  150  psi,  0.33  pound  per  second. 

(3)  D-4  Stand 

(a)  General  Description 

This  stand  is  for  testing  bearing  compartment  seal  rigs. 

(b)  Present  Stand  Capabilities 

1.  Drive:  Gasoline  engine;  125-hp,  with  gearbox  output  speed 
variable  to  11,000  rpm  maximum 

2.  Oil  system:  22  gpm  at  100  psi,  design  temperature  1000°F 
maximum 

3.  High-temperature  air:  10009F  at  375  psi,  or  1500°F  at 
150  psi;  0.33  lb  per  second 

4.  Altitude  exhaust:  0.3  lb  per  second  airflow  at  2  Inches 
mercury  absolute. 

(4)  D-9  Stand 

(a)  General  Description 

This  stand  is  a  low-flow,  static  test  bench  for  testing  valves, 
filters,  spray  manifolds,  etc. 
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GO  Present  Stand  Capabilities 

Fuel  supply  is  40,000  pounds  per  hour  at  1000  psi  and  150°F  maximum, 
open  or  closed  loop. 

(5)  D-13  Stand 

(a)  General  Description 

This  stand  incorporates  hydraulic  circuits  and  an  actuator  loading 
device  tor  testing  exhaust  nozzle  control  systems. 

(b)  Present  Stand  Capabilities 

Fuel  supply  is  50  gpm  at  3000  psi  and  100°F. 

(6)  D-14  Stand 

(a)  General  Description 

This  stand  is  for  calibrating  high-flow  fuel  flowmeters,  and  is  of 
the  stand-pipe  type. 

(b)  Present  Stand  Capabilities 

Fuel  supply  is  200,000  pounds  per  hour,  100°  to  200°F. 

(7)  D-15  Stand 

(a)  General  description 

This  stand  is  for  calibrating  low-flow  fuel  and  oil  flowmeters, 
and  is  of  the  welgh-scale  type. 

(b)  Present  Stand  Capabilities 

Fuel  supply  is  30  to  12,000  pounds  per  hour,  1008  to  350°F  temperature 

(8)  D-17  Stand 

(a)  General  Description 

This  stand  is  for  testing  hydraulic  actuators  and  starter  bleed  valves. 

(b)  Present  Stand  Capabilities 
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1.  Fuel  supply;  10  gpe  at  0  to  5000  psi  and  150°F  maximum  from 
a  variable  volume  pump 

2.  Air  supply:  1.3  lb  par  sacond  at  1200*F  and  375  psi. 
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(9)  D-20  Stand 

(a)  General  Description 

This  stand  is  an  air  turbine  pump  and  control  sta..d. 

(b)  Present  Stand  Capabilities 

1.  Fuel  supply:  120,000  lb  per  hour  at  1000  psi  and  100°F 

2,  Air  supply:  4.2  lb  per  second  at  375  psi  and  400°F 
maximum. 

(10)  D-23  Stand 

(a)  General  Description 

This  stand  is  for  testing  fuel-oil  heat  exchangers  and  other  lubrica¬ 
tion  system  components. 

(b)  Present  Stand  Capabilities 

Heat  transfer  fluid  system  has  8,000,000  Btu  per  hour  capacity  at 
720°F. 

(11)  D-23A  Stand 

(a)  General  Description 

This  is  a  heat  transfer  stand  and  utilizes  a  high-temperature  oil 
system  in  conjunction  with  portable  low-horse-, ewer  variable  speed  drives. 

(b)  Present  Stand  Capabilities 

Heat  transfer  fluid  system,  at  720*F,  has  an  8.000,000  Btu  per  hour 
capacity. 

(12)  D-31  Stand 

(a)  General  Description 

The  purpose  of  this  stand  is  to  test  gearboxes  and  drive  systems 
et  room  temperature,  under  load. 

(b)  Present  Stand  Capabilitiaa 

This  stand  has  a  350  hp  dc  variable-speed  drive;  several  gearboxes 
are  available. 

(13)  D-32  Stand 
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(a)  General  Description 

This  facility  is  an  ignition  system  test  stand  for  simulated  engine 
operation  of  both  chemical  and  electrical  ignition  systems.  It  is  in 
an  isolated  location,  which  includes  a  burn-off  area  for  chemical  igni¬ 
tion  fluids. 

(b)  Present  Stand  Capabilities 

1.  Air  supply:  Two  75  hp  centrifugal  blowers  furnish  5  lb  per 
second  of  air  at  2  psig 

2.  Fuel  system:  1000-gallon  supply  tank 

3.  Electric  power:  23  volt  de  and  110-volt,  400-cycle  ac. 

(14)  DM-42  Stand 

(a)  General  Description 

This  stand  is  for  calibrating  individual  fuel  spray  nozzles. 

(b)  Present  Stand  Capabilities 

1.  Fuel  supply:  4000  lb  per  hour  at  1000  psi  and  80°F 

2.  Spray  chamber:  Viewing  port  with  adjustable  protractor. 

(15)  DM-49  Stand 

(a)  General  Description 

This  stand  is  for  testing  starter  bleed  valves  at  room  temperature. 

(b)  Present  Stand  Capabilities 

Air  supply  is  2  pounds  per  second  at  125*F  and  125  psi. 

c.  Existing  Facilities  (Modified) 

The  following  paragraphs  describe  the  modified  test  facilities  that 
will  be  available  for  the  JTF17  test  program. 

(1)  D-7  Stand 

(a)  General  Description 

This  stand  is  a  high-temperature  fuel  system  test  stand  for  testing 
fuel  pumps  and  controls,  complete  systems,  system  response,  and  heat 
rejection, 

(b)  Modifications  and  Additions  leqc'rcd 

Increase  air  supply  by  modifying  the  supply  system  and  adding  an  sir 
heater;  change  gears  in  drive  system;  add  nsw  rig  mounts. 
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(c)  Resulting  Stand  Capabilities 

1.  Drive:  400-hp  dc  motor,  regulated  variable  speed  through 
operating  range  of  full-scale  engine  rig 

2.  Fuel  system  supply:  350  gpm  at  60  psi  and  300°F,  15  gpm 
at  650°F  open-loop  system, 

3.  Fuel  system  capacity:  350  gpm  at  1000  psi  and  350°F  test 
pump  discharge 

4.  Air  supply:  8.4  pounds  per  second  at  110  psi  up  to  1100°F 

5.  Heat  transfer  fluid:  750°F,  500,000  Btu  per  hour 

6.  Test  chamber:  Available  in  several  configurations  to 
test  components  or  systems  in  an  inert  atmosphere  at 
temperatures  from  400°  to  1200aF. 

(2)  D-I0  Stand 

(a)  General  Description 

This  stand  is  a  high -flow,  static  test  bench  for  testing  fuel  system 
components  and  air  turbine-driven  pumps  and  controls. 

(b)  Modifications  and  Additions  Required 

Increase  air  supply  by  modifying  the  air  supply  system. 

(c)  Resulting  Stand  Capabilities 

1.  Fuel  supply:  100,000  pounds  per  hour  at  1000  psi  and  150°F 
maximum,  either  open-  or  closed-loop  with  either  clean  or 
contaminated  fuel 

2.  Air  supply:  8.4  pounds  per  second  at  110  psi  and  400°F. 

(3)  D-ll  Stand 

(a)  General  Deacrlption 

Thia  stand  ia  a  general  purpoae  stand  for  testing  both  shaft-driven 
and  air  turbine-driven  fuel  puopa  and  controls. 

(b)  Modifications  and  Additions  Raqulred 
For  fuel  control  testing: 

1.  Increase  sir  supply  by  modifying  t’  e  air  supply  system 

2.  Add  a  high-pressure  boost  pump 

3.  Add  two  loading  rigs  for  hydraulic  actuator* 

4.  Add  circuitry  for  electronic  fuel  control* 

5.  Add  fluid  circuit*  and  inetruanntation  for  unit ised 
ay*  tarn. 
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(c)  Resulting  Stand  Capabilities 

1.  Drive:  250  hp  dc  motor;  variable-speed;  gearbox  output  to 
5500  rpm  maximum 

2.  Air  supply:  8.4  lb  per  second  at  110  p.  i  and  400°F 

3.  Fuel  system  capacity:  Up  to  100,000  pounds  per  hour  test 
pump  discharge  at  1000  psi  and  250°F  maximum;  closed -loop 
system 

4.  Altitude  exhaust:  Fuel  supply  tank  to  60,000  ft  on  open- 
loop  system. 

(4)  D-12  Stand 

(a)  General  Description 

This  is  a  general  purpose  fuel  test  stand  for  shaft  driven  pumps  and 
controls. 

(b)  Modifications  and  Additions  Required 
For  fuel  control  testing: 

1.  Add  an  air  supply  and  a  high-pressure  boost  pump 

2.  Change  gear  ratios  in  drive  system 

3.  Add  two  loading  rigs  for  hydraulic  actuators 

4.  Add  electronic  am'  fluid  circuits  and  instrumentation. 

(c)  Resulting  Stand  Capabilities 

1.  Drive:  400  hp  DC  motor;  variable-speed,  dual-pad  gearbox, 
output  to  5000  rpm  and  16,000  rpm 

2.  Air  supply:  8.4  pounds  per  second  at  110  psi  and  400*F 

3.  Fuel  system  capacity:  120,000  pounds  per  hour  test  pump 
discharge  at  1000  psi  and  250°F  maximum,  closed-loop  system 

4.  Altitude  exhaust:  Fuel  supply  tank  to  60,000  ft  on  an 
open-loop  system. 

(5)  D-16  Stand  j 

(a)  General  Description 

This  is  a  hydraulic  pump  test  stand 

(b)  Modifications  and  Additions  Required 

For  testing  large  capacity  hydraulic  pumps,  increase  the  system 
flow  capacity;  change  gear  ratio  of  drive  system. 

(c)  Resulting  Stand  Capabilities  j 

1.  Drive:  ISO  hp  eddy-currsnt  clutch;  gearbox^  output  spaed 
variable  to  5500  rpm  maximum 
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2.  tael  system  capacity:  120  gpm  at  3000  psi  and  350°F  maximum 
boost  pump  pressure  of  125  psi 

3.  Test  chamber:  Inert  atmosoliere  at  400°  to  1200°F. 

(6)  D-18  Stand 

(a)  General  Description 

This  is  a  general  purpose  fuel  pump  and  control  stand. 

(b)  Modifications  and  Additions  Required 
For  fuel  control  testing: 

1.  Add  an  air  supply  and  a  high-pressure  boost  pump 

2.  Add  two  loading  rigs  for  hydraulic  actuators 

3.  Add  electronic  and  fluit  circuits  and  instrumentation 

4.  Install  a  250  hp  dc  drive  and  change  gears. 

(c)  Resulting  Stand  Capabilities 

1.  Drive:  250  hp  dc  motor 

2.  Fuel  system  supply:  120,000  pounds  per  hour  at  1000  psi, 
and  100°F  and  12,000  pounds  per  hour  at  3000  psi 

3.  Air  supply:  8.4  pounds  per  second  at  110  psi  and  400°F. 

(7)  D-24  Stand 

(a)  General  Description 

The  purpose  of  the  stand  is  to  conduct  sea  level  and  altitude  testing 
of  engine  accessory  gearboxes,  oil  systems,  and  auxiliary  mechanical  system, 

(b)  Modifications  Required 

1.  Provide  a  1500  hp  eddy-current  clutch  drive  to  meet  JTF17 
accessory  power  requirements 

2.  Provide  a  new  2500  hp  drive  gearbox 

3.  Provide  a  400  hp  variable-speed  drive  and  gearbox  to  drive 
the  second  rotor  of  the  rig 

4.  Provide  an  Increase  In  substation  capacity  to  handle  the 
above  load. 

(c)  Resulting  Stand  Capabilities 

1.  Drive:  One  1500  hp  eddy-current  clutch  drive,  variable- 
speed;  one  gearbox,  variable-speed;  and  one  400  bp  varieble- 
•paad  drive  and  gearbox 

2.  teat  chambers:  tig-mounted ,  inert  gaa  atmosphere  at  tea- 
paratur  i  of  400*  to  1200*? 
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3.  Air  supply:  6.0  pounds  per  second  at  temperatures  up  to 
1100°F  and  pressure  to  100  psi 

4.  Altitude  exhaust:  4.2  pounds  per  second  airflc  ;  at  4 
inches  Hga 

(C)  Ignition  Lab 

(a)  General  Description 

The  FRDC  Ignition  Lab  provides  for  electrical  and  environmental  tests 
on  ignition  systems  and  components,  and  is  also  equipped  for  maintenance 
of  these  items. 

(b)  Present  Capabilities 

1.  G-3  Bench 

a.  Test  chamber  -  Main:  20  by  20  by  20  feet 

Ignitor:  5  by  5  inch  diameter 

b.  Temperature  range  -  -2006  to  +250°F 

c.  Vacuum  range  -  Main:  1-micron  Hga  to  atmospheric 

Ignitor:  1-micron  Hga  to  400  psia 

2.  G-16  Bench 

a.  Pressure  -  1000  psia  maximum  (nitrogen) 

b.  Vacuum  -  Bell  jar 

c.  Power  -  28-volt  dc,  variable  voltage 

3.  G-17  Bench 

a.  Pressure  -  1000  psi  me:  itnum  (nitrogen) 

b.  Vacuum  -  Bell  jar 

c.  Power  -  28-volt  dc,  variable  voltage 

4.  G-18  Bench  power  -  High  voltage,  0  to  30  KV 

(c)  Modifications  Required 

1.  A  new  ignition  system  power  supply  for  the  above  benches 

2.  A  new  high -temperature  ignition  test  oven  with  a  provision 
for  testing  ignition  cooling  systems. 

d.  New  Facilities  and  Equipment  Required 

The  following  paragraphs  describe  the  new  test  facilities  and  equipment 
required  for  the  JTF17  teat  program. 

(1)  Electronic  fuel  Control  Stands 
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(a)  General  Description 

Two  electronic  fuel  control  stands  are  required  to  support  the  program. 
Each  will  be  suitable  for  calibrating,  reprograming,  and  maintaining 
vernier  and  airflow  computers  by  simulating  inputs,  measuring  vernier 
outputs,  simulating  output  loads,  and  accomplishing  troubleshooting. 

(b)  Equipment  To  Be  Provided  and  Resulting  Capabilities 

1.  Air  supply:  A  clean,  dry  supply  of  100°F,  125-psi  air 

2.  Electric  power: 

a.  3-phase,  400-cycle,  208/115  volt 

b.  Single-phase,  110-volt,  60-cycle 

c.  28-volt  dc 

3.  Cooling  system:  A  small  recirculating  system  will  be  pro¬ 
vided  for  cooling  test  units 

4.  Input  simulators  and  load  simulators:  To  simulate  inputs 
and  loads 

5.  Electronic  test  equipment:  Digitax  equipment  to  perform 
computer  programing,  test  equipment  for  general  trouble¬ 
shooting,  and  interconnecting  harnesses  and  plumbing. 

(2)  Data  Recording  Carts 
(a)  General  Description 

Four  mobile  recording  carts  are  required  to  support  the  program.  The 
carts  will  be  used  to  monitor  and  record  the  transient  and/or  frequency 
response  of  the  various  engine  components.  Each  cart  will  operate 
independently,  and  more  than  one  cart  may  be  used  on  one  stand,  as  required. 

The  following  equipment  is  to  be  provided  on  each  cart: 

1.  One  recording  oscillograph 

2.  Three  digital-to-analog  converters 

3.  One  bridge  balance  network 

4.  One  power  supply 

(3)  Delivery  Component  Stands 

New  control,  hydraulic  pump,  nozzle,  and  spraybar  benches  '’ill  be 
provided  to  accomplish  calibration  testing  of  JTF17  delivery  engine 
components . 

C.  SUPPORTING  LABORATORY  FACILITIES 

Several  laboratories  are  required  to  support  the  JTF17  engine  and 
component  development  program.  These  laboratories  are  the  Materials 
Development  Laboratory,  the  Materials  Control  Laboratory,  the  Computer 
Laboratory,  and  the  Instrument  Laboratory. 
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1.  Materials  Development  and  Materials  Control  Laboratories 

The  Materials  Development  Laboratory  is  divided  into  three  sections: 
the  metallurgy  section,  the  applied  mechanics  section,  and  the  chemistry 
section.  The  Laboratory's  function  is  to  develop  materials  and  processes 
for  current  and  advanced  engines,  to  evaluate  existing  and  advanced  engine 
component  designs,  and  to  perform  engine  failure  analyses  in  support  of 
the  Project  and  Design  Engineering  departments. 

The  Materials  Control  Laboratory  is  responsible  for  assuring  that 
contract  material:'  and  parts  conform  to  the  material,  chemical,  and 
metallurgical  requirements  established  by  Project  and  Design  Engineering 
drawings  and  specifications.  The  Laboratory  consists  of  three  groups: 
technical  and  clerical  control,  materials  testing,  and  X-ray  and  metal¬ 
lurgical  process  control. 

The  existing  equipment  and  that  to  be  acquired  for  the  above  laborato¬ 
ries  is  listed  in  Section  IV,  tables  IV-13,  IV-14,  and  IV-35  through  IV-37. 

2.  Computer  Laboratory  Facilities 

The  Computer  Laboratory  supports  propulsion  research  and  development 
programs  with  technical  and  mathematical  analyses,  applied  digital  pro¬ 
gramming,  analog  simulation,  and  computer  solution  of  engineering, 
scientific,  and  related  problems.  Support  is  also  provided  for  manage¬ 
ment  operation  and  control  programs,  computer  programing  research,  and 
computer  system  development. 

Two  IBM  System  360,  Model  50  computers  provide  the  primary  computing 
capability  for  engineering  and  scientific  calculations.  These  two  computers 
will  be  replaced  by  a  larger  IBM  System  360,  Model  65  in  late  1966.  An 
IBM  1410  computer  with  remote  feedback  processes  turbojet  test  data 
on-line.  This  computer  will  be  replaced  in  mid-1967  by  an  IBM  System  360, 
Model  40  to  provide  an  increased  capability.  Smaller  scale  and  less 
complex  calculations  are  performed  on  three  IBM  1620  computers  located 
in  the  Engineering  and  Design  Departments.  These  computers  will  be 
replaced  early  in  1967  by  three  IBM  1130  computers  to  provide  increased 
capability  and  more  economical  operation.  An  IEM  1410  computer  prepares 
management  information  and  control  reports.  An  IBM  System  360,  Model  30 
provides  off-line  input/output  capability  and  capacity  for  small  scale 
maintenance  routines  and  1401  computer  emulation.  Each  of  two  Benson- 
Lehner  automatic  plotters  can  plot  up  to  300  points  per  minute  from 
magnetic  tape.  These  plotters  also  have  curve  line  drawing  capability. 

A  Beckman/Berkeley  EASE  2133  Repetitive  Analog  Computer  System  solves 
high  order,  complex  differential  equations.  This  system,  which  can 
simulate  all  components  required  for  turbojet  or  rocket  engine  transient 
and  steady-state  studies,  consists  of  two  control  consoles,  each  having 
3600-hole  problem  boards,  a  time  scale,  itinerative  control  capabilities, 
and  interconsole  slaving.  Within  the  system  there  are  324  operational 
amplifiers,  80  high  accuracy  electronic  multipliers,  48  diode-function 
generators,  48  servo-set  diode  function  generators,  and  448  coefficient 
potentiometers , 
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A  summary  of  the  equipment  described  below  is  presented  in  Section  IV, 
tables  IV-12  and  IV-28. 

a.  IBM  System  360,  Model  65  (See  figure  26.) 


(1)  Configuration 

The  Model  65  has  512K  bits  of  storage;  four  Model  2404  tape  drives 
(8  tapes);  sixteen  Model  2311  disk  storage  drives;  four  Model  1403  N1 
printers;  two  Model  2540  card  readers /punches ;  one  Model  2302  4-disk 
storage  unit;  one  Model  2860  3-selector  channel;  one  Model  2870  multi¬ 
plexor  channel;  and  one  Model  2365  2-processor  storage. 

(2)  Processing  Unit 

This  unit  features  a  general  and  floating  point  register  implemented 
in  high  speed  internal  circuitry,  200-nanosecond  read-only  storage  for 
control  of  the  processing  unit,  8-bit  parallel  data  flow,  and  instruction 
overlap  for  increased  speed. 

(3)  Core  Storage 

Core  storage  consists  of  a  750-nanosecond  storage  cycle  with  8-bit 
access  and  double  words  that  are  two-way  interleaved  for  improved  sequential 
access. 

(4)  Instruction  Overlap  Devices 

The  Model  65  has  additional  storage  provided  by  a  Model  2301  drum 
with  a  capacity  of  4  million  bits  and  a  data  transfer  rate  of  1.2  million 
bits  per  second. 
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(5)  Channels 

The  Model  2860  selector  channel  unit  with  three  channels  and  the 
two  selector  subchannels  on  the  Model  2870  multiplex  channel  permit  the 
simultaneous  operation  of  five  high  speed  instruction  overlap  devices 
concurrent  with  main  program  execution.  The  Model  2870  with  multiplex 
channels  permits  the  concurrent  operation  of  all  printers  and  card 
reader/punches,  which  are  overlapped  with  selector  channel  and  processing 
unit  operation. 

(6)  Computations 


Computations  performed  by  the  IBM  System  360  include  engineering 
analysis  in  the  following  areas;  stress  and  vibrations;  heat  transfer; 
compressor,  turbine,  and  pump  design;  combust  ton  instability;  flight  analy¬ 
sis;  controls;  design  automation;  numerical  analysis;  statistical 
analysis  (PERT,  simulation,  reliability,  operations  research,  information 
retrieval);  combustion  performance  and  thermodynamics;  engine  and  component 
theoretical  performance;  and  on-line  engine  and  component  test  data 
reduction  and  performance. . 

b.  IBM  System  '’50,  Model  40  (See  figure  27.) 


Figure  27.  IBM  System  360,  Model  40 
(l)  Configuration 
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The  udel  40  has  128K  bits  of  storage;  two  Model  2415  tape  drives; 
three  Model  2311  disk  drives;  one  Model  1403  Ml  printer;  one  Model  2501 
B1  card  reader;  one  Model  2520  B3  card  punch;  and  one  Model  2701  data 
adapter  unit  for  interfacing  to  teleprinters  and  the  data  acquisition 
system. 
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(2)  Processing  Unit 

This  unit  has  a  storage  cycle  time  of  2,5  microseconds  with  2-bit 
access,  625  nanosecond  read-only  storage  for  control  of  the  processing 
unit  and  instruction  overlap  functions,  and  625  nanosecond  local  storage 
for  general  and  floating  point  registers. 

(3)  Instruction  Overlap  Devices 

Model  2415  tapes  have  a  data  transfer  rate  of  15,000  bits  per  second; 
the  Model  1403  N1  printer  can  print  up  to  eleven  hundred  132  character 
lines  per  minute;  the  Model  2501  is  a  serial  card  reader  using  a  light 
sensing  mechanism  which  permits  operation  at  600  cards  per  minute;  and  the 
Model  2520  punches  at  the  rate  of  300  cards  per  minute,  With  the  parallel 
data  adapter  feature,  the  Model  2701  is  the  interface  between  the  CSC 
millisadic  acquisition  system  and  the  Model  40. 

(4)  Channels 

Two  selector  channels  allow  simultaneous  operation  of  tape  and  disk 
to  be  overlapped  with  computing  operations.  The  printer,  reader,  punch, 
and  Model  2701  are  all  attached  to  the  multiplex  channel. 

(5)  Functions 

This  system  reduces  recorded  test  data  to  engineering  un^ts  and 
computes  performance  parameters.  Results  are  teletyped  on-line  to  test 
stand  control  at  an  average  of  300  character  messages  in  less  than  o..~ 
minute  from  time  of  data  acquisitions,  ‘'hus  enabling  the  test  conductor 
to  monitor  a  test  run  in  almost  real  time.  On-line  data  acquisition 
is  an  invaluable  aide  to  engineering  analysis  of  turbojet  and  turbofan 
propulsion  unit  testing. 

c.  IBM  1130 

Three  IBM  1130  computers  are  available  in  Design,  Project  Engineering, 
and  Experimental  Engineering  to  perform  engineering  calculations  that 
do  not  require  large  scale,  high  speed  processing  systems.  These  computers 
provide  the  engineer  with  fast,  accurate  answers  to  simpler  problems  at 
a  considerable  saving  of  time  and  labor  over  previous  methods  employing 
manually  operated  calculating  equipment.  The  IBM  1130  computer  is  shown 
in  figure  28. 
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Figure  28.  IBM  1130  Computer  FC  13425 

VB 

d.  IBM  1410  (Business  Applications)  (See  figure  29.) 

An  IBM  1410  solid  state  digital  computer  with  simultaneous  input/out¬ 
put  computer  capability  and  large  core  and  tape  storage  is  used  to  process 
data  required  for  effective  management  control  of  plant  operations.  This 
system  is  utilized  in  daily  processing  of  information  necessary  for  dis¬ 
tribution  of  labor  and  material  charges,  inventory  control,  procurement, 
inspection  of  parts  and  assemblies,  job  scheduling,  status  and  cost  infor¬ 
mation,  parts  availability,  bills  of  materials,  maintenance  and  tool 
control,  and  test  facility  scheduling  and  control. 


Figure  29.  IBM  1410 
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e.  IBM  System  360,  Model  30  (See  figure  30.)  ' 

(1)  Configuration 

The  Model  30  has  32K  bits  of  storage;  two  Model  2402  1  tape  drives; 
two  Model  1403  N1  printers;  and  one  Model  2540  card  reader/punch. 


Figure  30.  IBM  System  360,  Model  30  FC  13424 
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(2)  Processing  Unit 

This  unit  has  a  storage  cycle  time  of  1.5  microseconds  with  1-bit 
access,  750  nanosecond  read-only  storage  for  control  of  the  processing 
unit  and  instruction  overlap  functions,  and  750  nanosecond  loual  storage 
for  general  and  floating  point  registers. 

(3)  Instruction  Overlap  Devices 

The  Model  2402  1  tapes  have  a  data  transfer  rate  of  30,000  bits  per 
second;  the  Model  1403  N1  printers  can  print  up  to  eleven  hundred  132- 
character  lines  per  minute;  and  the  Model  2540  card  unit  reads  up  to 
1000  cards  per  minute  and  punches  up  to  300  cards  per  minute. 

(4)  Channels 

The  tapes  are  connected  to  a  selector  channel  and  the  printers  and 
card  reader/punch  are  attached  to  the  multiplex  channel  so  that  up  to 
five  instruction  overlap  operations  may  be  in  progress  simultaneously, 
ell  overlapped  with  computing  operations. 
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(5)  Functions 


The  Model  30  performs  the  input/output  functions  required  by  the 
Model  1410  computer.  The  two  high  speed  printers  and  one  card  reader 
provide  printing  at  2200  lines  per  minute  and  card  reading  at  1000 
cards  per  minute.  In  addition,  the  Model  30  provides  support  and 
maintenance  capabilities  and  emulation  of  Model  1410  computer  processing. 
The  Mo<*el  30  is  an  invaluable  tool  for  performance  of  utility  and  test 
functions. 

f.  Benton-Lehner  Plotter  (See  figure  31.) 

Two  automatic  Benson-Lehner  magnetic  tape  electro-plotter  systems 
provide  a  vide  variety  of  plots  and  graphs.  Line  plotting  capability 
of  up  to  six  inches  per  second  and  point  plotting  up  to  300  points  per 
minute  are  achieved  with  a  maximum  absolute  deviation  of  ±0.017  inch. 

The  plot  tapes  are  automatically  written  on  the  IBM  System  360,  Model  50 
computer  while  data  is  being  processed,  thus  eliminating  the  costly  time 
delays  of  hand  plotting. 


Figure  31.  Benson-Lehner  Plotter 
g.  Beckman  2133  (See  figure  32.) 
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The  FIDO  Computer  Laboratory  has  two  Beckman  Instruments  Model  2133 
Urge  acele  general  purpose  electronic  analog  computers,  one  Come or,  Inc. 
automatic  tape  set  function  generator  system,  and  complete  maintenance 
and  calibration  facilities.  The  540  dc  operational  amplifiers  plus  a 
full  complement  of  nonlinear  equipment  (typified  by  ninety -six  10-segment 
arbitrary  function  generators)  can  be  used  for  solution  of  e  large  problem 
or  of  a  number  of  leas  complex  problems.  Problem  setup  and  checkout 
la  automated  through  use  of  a  Beckman  digital  input/output  translator 
system,  an  IBM  Model  1620  digital  computer,  a  separata  automatic  paper 
tape  control,  and  logic  for  function  generator  settings,  recent  analog 
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simulations  include  air  breathing  jet  engine  transient  analysis,  hydraulic 
control  analysis,  stress  analysis,  heat  transfer  studies,  and  pump  and 
bearing  design  analysis. 


Figure  32.  Beckman  2133  Analog  Computer  FC  5262 
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3.  Instrument  Laboratory 

The  Instrument  Laboratory  is  equipped  and  staffed  to  develop,  maintain, 
and  calibrate  all  types  of  precision  instruments  required  for  propulsion 
system,  component  development,  end  performance  measurements.  The  calibra¬ 
tion  facilities  are  all  National  bureau  of  Standards  traceable.  A  total 
area  of  12,000  square  feet  is  devoted  to  electronic  instrument  development 
and  construction.  Instrument  welding  and  machining,  maintenance  of 
standards  for  calibration,  and  maintenance  and  calibration  of  a  variety 
of  Instruments,  Equipment  is  available  for  measuring  and  recording 
fuel  flow,  thrust,  speed,  pressure,  vibration  stress,  chemical  composition, 
heat  transfer,  and  other  variables  associated  with  power  plant  evaluation. 
Humidity,  vacuum  and  temperature  chambers  and  vibration  excitation  equip¬ 
ment  are  available  for  environmental  testing  of  small  mechanical  and 
electronic  components.  An  additions]  area  of  3500  square  feet  is  located 
in  other  buildings  on  the  plnnt  site  for  data  acquisition  system  mainte¬ 
nance  and  strain  gage  development  and  application.  The  major  equipment 
existing  in  the  laboratory  is  shown  in  Section  IV,  tables  XV-15  through 
IV«i7. 
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SECTION  III 

FACILITIES  FOR  PHASE  V 


Pratt  &  Whitney  Aircraft  facilities  have  evolved  over  16  years  of  gas 
turbine  engine  production  and  are  well  suited  for  the  development  and 
production  of  the  JTF17  engine.  This  is  indicated  by  past  production 
performance,  existing  facilities,  planned  engine  programs,  and  future 
facilities  plans. 

This  section  discusses  P&WA  production  facilities  and  describes 
production  facilities  utilisation.  Current  floorspace  and  machine  tool 
inventories  are  compared  with  future  requirements  for  those  years  pre¬ 
ceding  and  including  the  JTF17  engine  program. 

Four  manufacturing  facilities  of  Pratt  &  Whitney  Aircraft,  all  company- 
owned  and  all  in  Connecticut,  will  be  involved  in  the  production  of  JTF17 
engines.  The  layouts  of  the«e  plants,  discussed  in  this  section,  reflect 
the  rearrangement  to  be  completed  prior  to  the  beginning  of  the  JTF17 
production  engine  program.  The  four  Connecticut  facilities  contain 
7,897,600  square  feet  of  floorspace  and  approximately  4000  production 
machine  tools.  Major  machine  tools  at  the  Connecticut  plants  are  listed 
in  Section  IV  on  table  IV-18.  The  production  facilities  arrangements  for 
the  four  manufacturing  facilities  are  shown  in  table  III-l. 

Table  III-l.  Production  Facilities  Arrangements 

Plant  Part  Manufactured  Floorspace,  sq  ft 

East  Hartford 


Area  I 

Gears,  gearshafta,  and  couplings 

142,816 

Area  11 

A  variety  of  small  machined  details 

122,097 

Area  III 

Fan  ducts,  transition  ducts,  and  heatshield 
assembly 

143,757 

Area  IV 

Fuel  manifolds,  coeqpressor  cases,  and  thrust 
reversers 

237,852 

Area  V 

Diffuser  case  assembly  and  Intermediate  case 
assembly 

166,688 

Area  VI 

Sheet  outtal  details 

221,337 

Area  XII 

Ip let  guide  vanes,  inlet  guide  vane  assembly, 
and  fan  exit  case 

123,218 

Area  XIV 

Vane  mid  shroud  assembly,  and  compressor  and 
turbine  shrouds 

123,2*9 

D-96 

Seed- product ion  (machining) 

87,526 

D-97 

Sami-produetioo  (sheet  metal  forming  and 
welding) 

68,543 

Area  mi 

Engine  assembly 

222,412 

Area  VIII 

Engine  test 

247,934 

last  Hartford  Plant: 

1,907,399 
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Table  III-l.  Production  Facilities  Arrangements  (Continued) 


Plant 

North  Haven 


Part  Manufactured  Floors pace,  sq  ft 


Area  XXI  Compressor  and  turbine  disks,  and  fuel  nozzle  174,223 
body 

Area  XXII  Compressor  shafts,  hubs,  and  spacers  133,800 
Area  XXIII  Turbine  rotor  blades  and  vanes  154,903 
Area  XXIV  Turbine  cases,  and  large  rings  158,751 


North  Haven  Plant:  621,677 

Southington 

Area  XXXV  Turbine  exhaust  case,  diffuser  case,  and  104,043 

fan  case 

Area  XXXVII  Gearbox  housings,  and  supports  109,048 

Southington  Plant:  213,091 

Middletown 


Area  XLII  High  and  low  compressor  shaft 


>0,459 


Area  XL 


Semi-Pro¬ 

duction 

Machining 


Turbine  exhaust  case  assembly  98,108 

conbustion  chamber  assembly 
combustion  chamber  liners 

26,661 


Middletown  Plant:  175,228 


r  Total  all  four  plants  :  2,917,395 

t* 

A.  DKSC&tmOti  OP  PACIUTISS 
1.  Beat  Bartfrr6  Complex 

The.  t'Jit  Hi  re  ford  complex  covers  1066  acres  and  is  composed  of  the 
am  in  administration  offices  of  the  United  Aircraft  Corporation  and  the 
Pratt  &  Whitney  Aircraft  Division;  tha  Pratt  &  feltney  Aircraft  main 
plant;  tha  saw  materials  center  and  aasmably  floor;  tha  Andrew  Willgooe 
Turbine  Laboratory;  Ren techier  Airfield  (private);  the  airport  laboratory; 
and  tha  Salted  Aircraft  Corporation  R*  march  Laboratory.  An  aerial  view 
of  the  Seat  Hertford  complex  Is  shown  in  figure  33,  sod  the  layout  of  the 
(test  Hertford  complex  is  shown  in  figure  34. 
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Figure  33.  Cast  Hartford  Complex  2  24989 

VB 


Figure  34.  Layout  of  Main  Plant  at  East 
Hartford 


FD  17688 
VB 


The  new  materials  center,  consisting  of  433,000  square  feet  of  floor- 
space,  provides  the  latest  in  materials  handling  techniques  and  equip¬ 
ment.  This  center  Is  a  centralised  facility  that  receives  and  dispatches 
materials  to  the  shop  and  assembly  floor,  thereby  expediting  all  phases 
of  material  handling  and  work  flow  for  the  JTF17  engine  and  current 
engine  programs. 
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The  new  assembly  floor, consisting  of  222,412  square  feet  of  floorspace 
is  ideally  suited  for  the  assembly  of  JTF17  production  engines.  Proximity 
to  the  materials  center  allows  efficient  flow  of  finished  parts  and 
assemblies  to  production  assembly  lines.  Figure  35  shows  two  assembly 
lines  on  tl  assembly  floor.  A  layout  of  the  production  assembly  floor  is 
shown  in  figure  36. 


Figure  35.  Production  Assembly 
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Figure  36.  Production  Assembly  Floor  Layout 
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3.  Southington  Plant 

The  plant  at  Southington,  Connecticut  contains  664,647  square  feet 
of  floorspace  for  the  production  of  turned  forged  rings  and  machined  gear¬ 
box  housings  and  for  engine  overhauling.  An  aerial  view  of  the  plant, 
which  is  situated  on  a  40-acre  tract,  is  shown  in  figure  39.  Figure  40 
shows  the  layout  of  the  Southington  plant. 


Overhaul 
and  Repair 


E 


J  Materials  |_ 


X-Ray— 1»  1 


Area  XXX VII 


NC,  EDM,  ECD 

1 _ 

and  Mag.  Parts 

i — i 

Mat  and  Rough  1 

In*  paction - 1 

r 

■ 

u 

IB 

Ana  XXXV  Tuning 


Maintenance 


Area 

aq  ft 

Production 

213,091 

Overhaul  and  Repair 

136,386 

Office  Area 

38,079 

All  Other 

277,091 

Total 

684,647 

Figure  40.  Southington  Plan*.  Layout 


FD  17691 
VB 


■> VS*" Ws* ! 'V^'iT 


Pratt  4  Whitney  Aircraft 

PWA  FF  66-100 
Volume  V 


4.  Mid .ile town  Plant 


The  Middletown,  Connecticut  plant,  which  is  a  recent  F&WA  acquisition, 
contains  approximately  148,000  square  feet  that  will  be  devoted  to  the 
production  of  long  and  short  shafts,  burner  can  details  and  assemblies, 
and  tu'inc  exhaust  assemblies.  An  aerial  view  of  the  plant,  situated  on 
1000  acres  of  company-owned  land,  is  shown  in  figure  41.  Figure  42  shows 
the  lu’fout  of  the  Middletown  plant. 


Figure  41.  Middletown  Plant 
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5.  Leased  Facilities 
a.  Sumnii-ry  of  Leased  Facilities 

In  addition  to  company-owned  facilities,  Pratt  &  Whitney  Aircraft 
leases  other  Connecticut  facilities.  Leasing  such  facilities  provides 
P&WA  with  additional  floorspace,  capacity,  and  flexibility  without  in¬ 
creasing  fixed  cost.  Leased  facilities  that  will  be  of  primary  sig¬ 
nificance  to  the  JTF17  program  are  discussed  in  the  following  paragraphs. 
A  complete  listing  cf  leased  facilities  is  presented  in  table  XII-2. 


Facility 


Table  III-2.  Summary  of  Leased  Facilities 
Use 


1.  Airkaman,  Incorporated, 
Bradley  Field, 

Windsor  Locks,  Conn. 

2.  Arawana  Mills,  Inc., 
Southington,  Conn. 

3.  Barridon  Corporation, 
Hartford,  Conn. 

4 .  Cheney  Brothers ,  Inc . , 
Manchester,  Conn. 

5.  Colt  Park  Operating 
Corporation, 

Hartford,  Conn. 

6.  Connecticut  General 
Life  Insurance  Co., 
Wethersfield,  Conn. 


7.  Connecticut,  State  of, 
Bradley  Field, 

Windsor  Locks,  Conn. 

8.  Eagle  Lock  Corporation, 
Terryville,  Conn. 

9.  Kolodney  Manufacturing 
Company,  Hartford, 

Conn. 

10.  Manchester  Properties, 
Inc.,  Elm  Street  Ext., 
Manchester,  Conn. 

11.  Manchester  Properties, 
Inc. ,  Hall  Court, 
Manchester,  Conn. 


Floorspace,  sq  ft 
9,800 


Flight  testing,  storage,  and 
maintenance  of  experimental 
aucraf:  and  engines 

Overhaul  and  repair 
manufacturing 

Temporary  storage 


Experimental  parts,  test  rings, 
and  fixture  storage 

Office  space 


Service  training  school  for  33,000 

military,  commercial,  and 
civilian  personnel;  provisioning 
meeting:,  by  spare  parts  section 

Test  and  sound  control  installation  11.1  acres 


Storage  for  overhaul  and  repair  192,000 

equipment  and  material 

Storage  for  stationery  supplies,  21,000 

records,  and  research  department 

reports 

Storage,  dormant  parts  packing  223,466 

and  shipping  supplies,  rough 
storage,  and  bin  stock 

Experimental  foundry,  material  65,992 

development  lab  and  storage,  and 
production  jigs,  fixtures,  and 
die  storage 
VB-56 
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Table  III-2.  Summery  of  Leased  Facilities  (Continued) 

Facility  Use  Floorspace,  sq  ft 

12.  D.H.  Overmyer  Ware-  Storage  of  fixtures  40,000 

house  Co.,  East  Hart¬ 
ford,  Conn. 

13.  Hartford  Properties,  Shop  skills  training  46,710 

Hartford,  Conn. 

14.  Realty  Nominee,  Inc.,  Storage  of  general  office  13,147 

460  Capital  Avenue,  furniture  and  machines ,  and 

Hartford,  Conn.  records  center 

13.  United  Bank  &  Trust  Storage  of  records  288 

Co.,  New  Hartford, 

Conn. 

16.  Roger  Sherman  Mare-  Storage  of  machinery  accessories  63,232 

house.  East  Hartford,  and  related  production  equipment 

Conn. 

17.  ShSpard-Pola,  Inc.,  Office  space  and  manufacturing  136,364 

South  Windsor,  Conn.  facility  (Powercel  Systems) 

18.  The  113  Park  Ave.,  Corp. ,  Storage  of  equipment,  supplies  30,000 

East  Hartford,  Conn.  and  UAC  show  exhibits 

19.  Utility  Industries  Co.,  Office  space,  plant  layout,  parts  136,200 

South  Windsor,  Conn.  storage,  shop  supplies,  and 

standard  tool  storage 


Tc  al  Area  of  Leased  Facilities  1,343,811  sq  ft 

and  11.1  acres 


b.  Utilities  Industries  Building 

The  utilities  industries  building  in  South  Windsor,  Connecticut  houses 
the  technical  manual  publications  group,  the  plant  layout  department  spare 
parts  salee  department,  and  the  engine  mockup  group.  The  building  also 
provide  spare  parts  storage  space.  An  aerial  view  of  tU  plant  is  shown 
in  figure  43,  and  the  plant  floor  plan  is  shown  in  figure  44. 
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c.  Overhaul  and  Repair 

A  leased  facility  in  Southiugton,  Connecticut  is  used  for  engine  over¬ 
haul  and  repair  to  supplement  the  company-owned  Southington  facility.  The 
facility  provides  206,106  square  feet  of  floorspace.  The  plant  floor  plan 
is  shown  in  figure  45. 


Figure  45.  Layout  of  Leased  Overha  -  and 

Repair  Facilities  at  Southington 
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d .  Service  School 

The  P&WA  Service  School  in  Wethersfield,  Connecticut  provides  training 
in  the  operation  and  maintenance  of  FMiA  engines  for  military,  commercial, 
and  civilian  customers  The  school  has  23,891  square  feet  of  floorspace, 
as  shown  tn  figure  46. 
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Figure  46,  Layout  of  Service  School  «t  FD  17695 
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8.  MOfiBBNIZATIOH  P&OGBAM 

A  company-financed  machine  modernisation  and  replacement  program  is 
conducted  at  Pratt  &  Whitney  Aircraft  on  a  continuing  basis.  New  types  of 
machines  are  continually  evaluated  for  use  to  assure  increased  capacity 
and  reduced  manufacturing  costs  consistent  with  quality  and  performance 
requirements.  A  modernisation  budget  of  $12, £X>0, 000  for  capital  improve¬ 
ment  has  been  approved  for  1966,  and  budgets  of  912,000,000  per  year  are 
planned  for  the  years  1967  through  1969. 

Numerically-controlled  machine  tools  have  been  used  in  production  at 
Pratt  A  Whitney  Aircraft  for  eight  years.  Zn  that  time,  the  inventory  of 
both  point-to-point  and  continuous  path  ns  chines  has  steadily  increased 
to  14$,  with  52  still  on  order.  Ihe  use  of  numerically-controlled  machines 
eliminate*  the  need  for  elaborate  Jigs  sad  fixtures,  machines  with  excel¬ 
lent  repeatability  sad  coos latent  accuracy,  lowers  tool  coats,  increases 
productivity,  reduces  «erap»  shortens  lasdtimsa,  *-d  improves  quality. 

C.  IXPAN810N  CP  WCBPCTiai  CAPACITY 


During  the  last  1-1/2  years,  Pratt  $  Wbltaay  Aircraft  has  conducted 
an  extensive  program  to  expand  production  capacity.  The  expansion  is  in 
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response  to  the  rapid  rise  in  requlrcsmnts  expert  'ced  for  the  last  two 
years  and  to  the  rates  of  production  forecast  for  tne  next  several  years. 

The  expansion  program  has  included  the  modernisation  of  existing  facilities, 
procurement  of  additional  machines,  increased  use  of  leased  facilities, 
construction  of  additional  buildings,  purchase  of  a  government -owned  facility, 
and  expansion  of  the  subcontracting  base. 

Since  October  1964,  the  company  has  appropriated  $113,000,000  for 
machines  and  related  production  equipment  to  modernize  and  to  expand 
production  capacity.  These  appropriations  have  resulted  in  orders  for 
1083  additional  machines  and  410  major  it  eons  of  related  capital  equip¬ 
ment. 

More  than  $64,000,000  has  been  appropriated  for  captial  additions  and 
modernization  of  buildings  since  the  last  quarter  of  1964.  Construction 
of  a  new  materials  center,  a  new  assembly  floor,  and  a  three-story  office 
building  has  added  more  than  1.1  million  square  feet  in  East  Hartford  this 
year.  The  recent  acquisition  of  the  Middletown  Plant  has  provided  an 
additional  294,000  square  feet  suitable  for  production  and  support  opera¬ 
tions.  Floorspace  has  been  further  increased  in  expanding  the  use  of 
leased  facilities.  An  additional  346,900  square  feet  have  been  leased 
since  the  beginning  of  1965. 

D.  FACILITY  REQUIREMENTS  FOR  THE  JTF17  ENGINE  PROGRAM 

A  detailed  analysis  of  production  facility  requirements  has  been 
conducted  for  the  years  encompassing  the  JTF17  production  engine  program. 

This  forecast  is  based  on  a  schedule  of  project  engine  and  spare  parts 
business  through  1977.  The  Long  Range  Machine  Load  Computer  Forecasting 
System  was  used  to  assist  in  the  facilities  analysis.  The  system  consists 
of  a  series  of  computer  programs  developed  by  Pratt  &  Whitney  Aircraft  to 
predict  the  effect  of  future  business  on  the  requirements  for  machine  tool 
and  floor  space. 

1.  Machine  Requirements 

The  forecast  of  total  requirements  for  production  machines  for  the 
years  1968  to  1977  is  shown  on  table  I1I-3.  This  figure  includes  a  listing 
of  machines  presently  in  production  and  those  currently  on  order.  It  is 
significant  to  note  that  the  requirements  for  machine  Tools  will  increase 
for  the  next  few  years.  This  increase  in  requirements  is  presently  being 
translated  into  an  increase  in  available  machine  tools.  The  peak  require¬ 
ments  for  machine  tools  occur  in  1969,  prior  to  the  tin*  hat  effects  of 
JTF17  sot, me  production  are  anticipated;  thus  adequate  production  capacity 
will  be  available  because  of  the  decline  in  requirements  for  other  engine 
programs. 

Machine  tool  requirements  for  the  JTF17  engine  program  are  shown  on 
table  UX-4.  Requirements  for  the  year  1976  were  choeen  for  table  III-4 
since  1976  la  the  year  during  which  the  peak  production  rate  of  eighteen 
JTF17  anginas  per  month  Is  anticipated.  Table  HI-4  ehows  the  percent  of 
the  total  load  attt  *buted  to  J1F17  requirements  for  each  category  of 
machines.  The  analysis  of  requirements  for  the  JTF17  engine  program  is 
based  mi  detailed  information  from  master  planning  summaries  of  operations. 
These  planning  summaries,  developed  for  the  majority  of  JTF17  parts  to  be 
manufactured  in-house ,  provide  an  accurate  basis  for  facilities  forecasting. 
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tory  figure*  include  MBchlnes  currently  on  order 


2.  Fioorspace  Requirement* 

Proouccton  machining  floortpace  will  be  adequate  for  the  JfFl?  program 
and  other  concurrent  programs  throughout  the  period  effected  by  JTF17 
production.  The  analysis  of  machine  requirements  indicates  that  the 
floors pace  provided  for  the  peak  production  years  of  1968  and  19£9  will 
satisfy  the  requirement*  of  the  mid-1970's, 

3.  Test  Cell  Requirements 

the  analysis  of  teat  call  requirements  has  been  based  on  tr.e  projected 
schedule  of  engine  production.  Hit  planned  utilisation  of  test  cells  is 
shown  on  figure  47.  All  test  cells  shown  on  this  figure  are  currently  in 
use  except  cells  109  to  116.  these  new  cell1'  are  planned  for  use  with  the 
new  generation  of  high  thrust  engines,  their  design  allows  for  rapid  cor,* 
version  so  that  a  minimum  of  tima  and  expense  will  r-e  required  to  convert 
these  cells  for  use  in  the  JTFI7  program.  Appropriations  have  been  approved 
for  the  construction  of  tha  first  four  new  teat  ells,  the  additional  cells 
will  be  built  as  required. 
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Figure  47.  Test  Cell  Utilization 
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SECTION  IV 
SUBSTANTIATING  DATA 


Tables  IV-1  through  IV-38  describe  the  facilities  to  be  used  in 
Phases  III,  IV,  and  V.  The  tables  include  the  following: 

1.  Government  facilities  presently  installed  at  the  plants 

2.  A  description  of  Pratt  &  Whitney  Aircraft  owned  major 
facilities  presently  at  tho  plants 

3.  A  list  of  additional  facilities  to  be  acquired  by 
Pratt  &  Whitney  Aircraft  for  the  .JTF17  Program. 

No  additional  Government-owned  facilities  will  be  required  for 
Phases  III,  IV,  or  V.  The  additional  company  facilities  cost  summary 
is  presented  in  table  IV-38, 
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Table  IV- 1.  Government -Owned  Facilities  (Existing) 

(Contract  NOw  6406-u ,  Unless  Otherwise  Indicated) 
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(Contract  NOw  6406-u,  Unless  Otherwise  Indicated) 
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Table  IV-38.  Additional  Company  Facilities  Cost  Summary 
A.  DEVELOPMENT  FACILITIES 


1.  Office,  Manufacturing,  Assembly,  and  Inspection  Facilities 

a.  Shop  and  Office  $  688,500 

b.  Manufacturing,  Assembly,  Inspection  2,661,200 

Total  3,349,700 

2.  Engine  and  Component  Test  Facilities 


a. 

Sea  Level  Engine  Calibration  and 
Endurance  Test  Facilities 

$  674,600 

t 

•>  * 

Ktited  Inlet  Calibration  and 
Endurance  Test  Facilities 

6,793,900 

c. 

Simulated  Altitude  and  High  Mach 
Number  Engine  Test  Facilities 

705,300 

d. 

Simulated  Altitude  and  High  Mach 
Number  Component  Test  facilities 

2,493,200 

e. 

Simulated  Altitude  and  High  Mach 
Number  Service  Facilities 

9,092,500 

f. 

Small  Component  Test  Facilities 

641,000 

Total 

20,400,500 

Supporting  Facilities 

a. 

Materials  Development  and  Control 
Laboratories 

$  365,000 

Total  Development  Facilities  $24,115,200 

B.  DELIVERY  FACILITIES 

1.  Office,  Manufacturing,  Assembly,  and  Inspection  Facilities 


a. 

Shop  and  Office 

1,732,000 

b. 

Manufacturing,  Assembly,  and 
Inspection 

1,657,800 

Total 

3,389,800 

2. 

Engine  and  Component  Test  Facilities 

a. 

Sea  Level  Engine  Test  Facilities 

69,400 

b. 

Small  Components  Test  Facilities 

550,000 

Total 

619, 4P0 

3. 

Supporting  Facilities 

a. 

Materials  Development  and  Control 
Laboratories 

118,000 

Total  Delivery  Facilities  4,127,200 

GRAND  TOTAL  -  Development 

and  Delivery  Facilities  $28,242,400 


VI-104 


Pratt®  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 


SECTION  I 

SCOPE  AND  OBJECTIVES 


REPORT  C 

CONFIGURATION  MANAGEMENT  PLAN 


Configuration  Management  is  the  judicious  use  ,£  all  mt.r'  to  design 
and  accomplish  a  specific  arrangement  and  accountable  disposition  of  parts 
for  the  JTF17  turbofan  engine.  The  objectives  are:  an  engine  configuration 
consistent  with  the  design  requirements,  product  assurance  requirements, 
and  turbine  engine  experience;  establishing  development  engine  configura¬ 
tions;  baseline  control;  establishment  and  control  of  the  delivery  engine 
configuration;  component  and  part  identification;  and  ensuring  component 
assembly  and  engine  assembly  accountability.  The  Engineering  Change, 
(figures  1  and  2),  and  the  Engineering  Change  Control  procedure  are  the 
heart  of  this  system  and  the  engine  Parts  List  is  the  controlling  document. 
For  the  experimental  engines,  the  Experimental  Release  (figure  3)  system 
serves  this  purpose.  As  the  program  progresses  and  engine  development, 
airframe  manufacturer  coordination,  or  the  FAA  require  changes  to  the 
engine  design  or  engine  model  specification,  or  engine  and  assembly  parts 
lists  when  established,  the  changes  are  Implemented  only  by  approved 
Engineering  Changes.  This  configuration  management  is  applied  throughout 
the  JTF17  engine  program  from  initial  design  layouts  and  detail  design, 
through  development,  production,  follow-on  development,  and  the  service 
life  of  the  engine.  This  provides  end-item  configuration  control  and 
accountability. 


** «  *  *  SW  *  t 


Figure  l.  Engineering  Change  in  Design  (Development)  FD  17728 

FD  17729 
C V 
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To  assure  complete  compatibility  between  the  engine  and  the  airframe, 
the  close  working  relationships  and  coordination  developed  with  the  airframe 
manufacturer  and  the  FAA  in  Phase  II-C  will  be  continued.  The  baseline 
configuration  for  all  coordination  is  the  JTF17A-21  Engine  Model/Performance 
Specification  including  the  Installation  Drawing.  Primary  tools  for  this 
coordination  are  the  Engineering  Change  Request,  Field  Survey  Layouts, 
engine  mockup  parts,  and  other  correspondence  described  in  Section  IV  and 
V  of  this  plan. 

The  basic  procedures  and  organization  for  accomplishing  configuration 
management  of  commercial  engine  programs  have  existed  for  many  years  at 
Pratt  &  Whitney  Aircraft  and  have  proved  to  be  effective.  The  Engineering 
Change  and  Experimental  Release  and  control  procedures  are  configuration 
management  systems  derived  from  P&WA  Standard  Procedures  which  were  originally 
written  in  March  1941.  The  personnel  in  the  various  functions  described 
have  acquired  experience  in  applying  the  appropriate  P&WA  Standard  Procedures 
to  ensure  interface  compatibility  between  the  engine  and  airframe  to  maintain 
engine  configuration  control  and  accountability.  The  average  experience 
level  of  the  personnel  directly  involved  in  guiding  tr.=»  JTF17  Configuration 
Management  Program  is  approximately  20  years.  During  this  time  approximately 
140  P&WA  turbine  engine  models  released  to  production,  representing  about 
80  different  airframe/engine  model  combinations,  were  coordinated  with 
airframe  manufacturers  and  configuration  control  was  maintained  throughout 
each  of  these  programs. 
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SECTION  II 
ORGANIZATION 


The  Program  Manager  for  the  JTF17  engine  is  responsible  for  directing 
all  activities  of  the  program  throughout  Pratt  &  Whitley  Aircraft.  A 
Deputy  Program  Manager  and  a  program  management  staff  organization  with 
personnel  responsible  for  each  major  functional  area  within  the  engine 
program  support  this  effort.  The  managers  on  the  staff  are  responsible 
for  assuring  that  the  program  and  Program  Manager ' s  requirements  are  met 
in  their  respective  areas.  For  Configuration  Management ,  this  responsi¬ 
bility  rests  with  the  Chief,  Configuration  Management,  reporting  to  the 
Manager,  JTF17  Product  Assurance.  Coordination  of  the  engine  configuration 
and  interfaces  with  the  airframe  manufacturer,  the  FAA,  and  the  airlines 
is  accomplished  througn  TVatt  &  Whitney  Aircraft's  Product  Support  Groups. 

The  organizational  structure  for  the  management  of  the  JTF17  engine  pro¬ 
gram  is  described  in  Volume  V,  Report  I,  and  outlined  for  Product  Assurance 
in  figure  4.  The  managers  who  are  also  senior  members  of  the  Configuration 
Management  Board  have  been  indicated.  A  Configuration  Management  Board  for 
the  JTF17  Program  has  been  established  as  a  senior  engine  configuration  review 
board.  The  board  is  composed  of  the  various  managers  of  the  engine  develop¬ 
ment  and  delivery  sectii  s  and  the  major  supporting  groups.  Specialists 
from  all  of  the  technical  groups  and  the  Product  Assurance  disciplines  are 
available  as  Technical  Consultants.  While  the  size  of  the  board  meeting 
at  any  rime  may  vary  depending  ou  the  subjects  under  consideration,  the 
board  membership  is: 


Members 


Program  Manager,  Chairman 
Deputy  Program  Manager 


Manager,  JTF17  Development 
Manager,  JTF17  Product  Assurance 
Manager,  JFT17  Delivery  Engines 
JTF17  Design  Chief 


Manager,  JTF17  Product  Support 
JTF17  Performance  Project 
Engineer 

Chief,  Configuration  Management, 
Secretary 


Technical  Consultants 


Chief,  Engine  Design 

Chief,  Materials  Development 

Laboratory 

Chief,  Reliability 


Chief,  Maintainability 
Test  Operations 
Safety  Engineer 
Quality  Assurance 
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Figure  4.  JTF17  Product  Assurance  FD  17704 
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The  board  will  act  on  matters  which  have  been  referred  to  it  for 
decisions,  approve  configuration  changes  to  the  engine,  and  implement 
any  FAA  changes  to  the  SST  program  insofar  as  they  affect  engine  configura¬ 
tion.  Generally,  the  board  will  meet  and  function  as  a  part  of  the  estab¬ 
lished  weekly  Project  and  Program  Meetings.  Special  meetings  will  be  held 
as  required. 

General  responsibilities  of  the  Configuration  Management  Board  are: 

1.  Prepare  Engine  Model/Performance  Specification  including 
Installation  Drawings  and  revise  as  required 

2.  Administration  of  policies  and  overall  procedures  to  be 
employed  by  supporting  groups  for  JTF17  engine  baseline 
control 

3.  Schedule  and  participate  in  all  engine  informal  and  formal 
Pratt  &  Whitney  Aircraft  design  reviews  and  the  formal 
Engineering  Design  Review,  Mockup  Review,  Certification 
Test  Engine  Review,  Airframe  Manufacturer  Coordination 
Meetings,  and  First  Article  Inspection  for  both  the 
Prototype  and  Production  engines 

4.  Participate  in  Airline  Review  Board  Meetings 

5.  Review  and  endorsement  of  all  new  Design  Layouts,  Experi¬ 
mental  Releases,  Engineering  Releases,  Requests  for 
Engineering  Change  and  of  all  Engineering  Changes  affecting 
engine  configuration 
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6.  Review  and  resolution  of  any  problem  associated  with  any 
proposed  change  to  the  program  requirements  or  engine 
configuration  baseline 

7.  Review  of  all  engine  model  specification  changes  and 
transmittal  letters  and  engine  configuration  change  status 
reports  prepared  in  response  to  the  contractual  require¬ 
ments. 

Specific  responsibilities  of  the  Chief,  Configuration  Management 
include,  but  are  not  limited  to,  the  following; 

1.  Ensure  Engine  Model/Performance  Specification  is  revised 
and  issued . 

2.  Review  and  endorse  all  proposed  changes  to  the  engine 
system  requirements,  engine  design  requirements,  and 
engine  baseline  configuration 

3.  Review  and  approve  all  Experimental  Releases  and  Engineering 
Changes 

4.  Ensure  maintenance  of  adequate  liaison  with  the  Federal 
Aviation  Agency,  the  airframe  manufacturer,  subcon¬ 
tractors  and  vendors  on  matters  relating  to  the  JTF17 
Engine  Configuration 

5.  Administer  all  detail  Configuration  Management  procedures 
and  directives  needed  to  implement  Configuration  Manage¬ 
ment  decisions 

6.  Direct  and  approve  preparation  of  any  revisions  to  Con¬ 
figuration  Management  procedures  or  directives. 

Control  of  the  engine  configuration  during  the  design  and  into  the 
development  phase  is  only  the  initial  part  of  overall  Configuration 
Management.  Branches  of  the  system  extend  into  the  engine  Development 
Group,  the  Delivery  Engine  Group,  the  Experimental  and  Delivery  Engine 
Manufacturing  Departments,  and  the  Experimental  and  Delivery  Engine 
Assembly  Departments.  It  is  these  branches  that  supply  the  necessary 
inputs,  such  as  engine  ^arts  lists  and  assembly  drawings,  to  the  proper 
individuals  or  departments  for  the  development  and  delivery  engines,  and 
the  feedback  that  the  required  effort,  such  as  an  assembled  engine  con¬ 
firmed  part  list  or  change  incorporation,  has  been  accomplished.  The 
resulting  records  are  maintained  by  Engineering  Records  and  the  Relia¬ 
bility  Group  for  development  igines  and  Service  Engineering  Records  for 
delivered  engines. 

The  accountability  system  for  development  and  delivery  engines  is 
described  in  more  detail  in  Section  IV  of  this  plan  and  the  Reliability 
Plan,  Volume  IV. 
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SECTION  III 

BASELINE  CONTROL  -  ENGINE  DEVELOPMENT  PHASE 

The  Pratt  &  Whitney  Aircraft  JTF17  Engine  Model/Perfofusance  Specifica¬ 
tion,  No.  2698A  or  2710,  Including  the  Installation  Drawing,  the  Engineering 
Order  Supplements  (figure  5),  and  the  initial  design  layouts,  form  the 
basis  for  baseline  control  of  the  prototype  and  production  engines. 


Figure  5.  Engineering  Order  Supplement  FD  17733 

CV 

The  Engineering  Assembly  Parts  List,  Complete,  together  with  the  assembly 
drawings  specified;  and  the  Engine  Model  Specification,  including  the  Instal¬ 
lation  Drawing,  document  the  prototype  or  production  engine  configuration  as 
it  evolves  during  development.  These  documents  provide  a  commo*.  frame  of  ref¬ 
erence  for  all  personnel  engaged  in  the  program,  thereby  permitting  an  orderly 
management  of  the  engine  configuration  in  the  development  phase  prior  to  manu¬ 
facturing  the  prototype  or  production  engines. 

Configuration  control  of  all  development  (experimental)  engines  is 
based  on  the  use  of  Experimental  Releases,  Fora  PWA  F-1286  (figure  3), 
and  the  Engine  Parts  List,  Form  PWA  F-1353  (figure  6).  The  Engine 
Parts  List  is  a  machine -stored  numerical  listing  of  the  parts  and 
assemblies  comprising  the  latest  configuration  of  an  engine  model.  The 
list  can  be  machine-printed  quickly  for  ready  reference  by  program 
management  personnel  or  for  use  in  establishing  the  next  build  configura¬ 
tion  of  a  development  engine. 
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Changes  to  the  Engine  Parts  List  for  the  development  engines  or  the 
release  or  revision  of  development  engine  drawings  during  the  experimental 
development  phase  (Phase  II-C)  and  development  phase  (Phase  III)  are  con¬ 
trolled  by  Experimental  Releases.  These  Releases  require  Configuration 
Management  approval  and  are  then  approved  by  the  Chief  Draftsman  and  the 
JTF17  Development  Manager's  delegate.  Configuration  changes  „-r  develop¬ 
ment  engines  which  affect  the  delivery  engine  Engineering  Assembly  Parts 
List  are  accomplished  only  through  the  formal  Engineering  Change  system 
described  in  Section  IV  paragraph  B  of  this  plan. 

A.  DEVELOPMENT  ENGINE  CONFIGURATION 

The  design  of  the  JTF17  engine  is  subject  to  continuing  management 
control  from  creating  the  Engineering  Order  (Supplements) (figure  5)  and 
initial  design  layouts  to  the  qualification  test,  production,  and  service 
operation.  Initial  design  is  started  with  the  EOS-established  design 
requirements  and  goals  including  requirements  and  check  lists  for  the 
Maintainability,  Human  Engineering,  Reliability,  Safety,  Quality  Assurance, 
and  Value  Engineering  areas.  The  basic  procedure  for  controlling  the 
design  is  the  design  review  system  established  ^n  Phase  II-C. 

Having  thus  established  the  preliminary  requirements,  the  design  is 
reviewed  continuously  as  it  develops  on  the  drawing  board  by  the  Design 
Project  Engineer  and  the  Design  Engineers  responsible  for  the  specific 
disciplines.  At  completion,  the  design  layout  review  procedure  provides 
for  a  first  review  by  the  appropriate  Design  Engineers  and,  if  satisfac¬ 
tory,  approval  by  the  Design  Project  Engineers.  The  Design  Engineers 
listed  below,  or  the  Chief  of  the  Design  discipline,  review  the  layout 
and  it  is  signed  and  approved  by  the  Development  Project  Engineer,  if 
satisfai  tory. 
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Design  Reliability  Engineer  or  Chief  of  Reliability 
Design  Maintainability  Engineer  or  Chief  of  Maintainability 
Design  Value  Engineer 
Safety  Engineering 

This  constitutes  the  first  level  of  Configuration  Management  approval. 
The  Drafting  Group  then  prepares  or  revises  the  part  and  assembly  drawings, 
revises  the  Engine  Parts  List,  and  prepares  the  Experimental  Release  to 
issue  the  new  or  revised  drawings,  including  the  requirement  for  new  parts 
for  development  testing.  The  test  and  parts  requirements  are  established 
by  the  Development  Project  Engineer.  After  approval  by  the  Chief  Draftsman, 
the  Release  is  approved  by  the  jTF17  Development  Manager’s  delegate  and 
released  to  Experimental ,  thus  completing  the  second  level  of  Configuration 
Management  approval.  Where  these  drawings  are  to  be  included  in  the  base¬ 
line  configuration  of  the  development  engines,  the  release  is  also  approved 
by  the  Chief,  Configuration  Management,  and  the  drawings  are  released  to 
Engineering  Records  for  preparation  of  the  revised  Engine  Parts  List.  If 
the  Engineering  Assembly  Parts  List  has  been  established  it  will  be  changed 
by  Engineering  Records  at  the  same  time. 

If  the  layout  is  not  approved,  a  Review  Sheet  describing  the  reason  the 
design  is  unacceptable  is  prepared  and  approved  by  the  Chief  of  the 
particular  discipline  involved,  or  the  Development  Project  Engineer.  The 
Review  Sheet  and  supporting  information  cause  the  layout  to  be  returned 
to  the  designer  for  minor  changes,  or  request  specific  development  testing 
to  clear  the  design,  or  refer  the  matter  to  the  Configuration  Management 
Board  for  a  decision.  The  board  meetings,  more  generally  referred  to  as 
Project  Meetings,  are  held  once  or  twice  a  week  and  include  representatives 
from  all  the  program  development,  support  and  management  areas  as  previously 
described  in  Section  II.  At  this  scheduled  meeting,  the  design  layout 
and  supporting  information  are  evaluated  and  a  Board  decision  is  made  to 
direct  approval,  or  request  a  trade  factor  study,  or  reject  the  change. 

As  the  detail  designs  for  the  individual  parts  of  a  design  layout  are 
completed  and  integrated  into  the  next  higher  assembly,  the  designs  are 
reviewed  by  the  Design  and  Development  Project  Engineers  responsible  for 
specific  areas  of  the  engine.  When  the  overall  engine  design  has  reached 
the  point  that  major  component  designs  are  available  in  layout  form,  an 
informal  design  review  is  held  by  the  JTP17  Chief  Design  Engineer;  Chief, 
Engine  Design;  the  Development  Manager;  and  the  senior  development  Project 
Engineers.  This  review  process  continues  through  completion  of  the  engine 
design.  Periodic  design  reviews  are  held  by  the  Company's  senior  Design 
and  Development  Engineers  and  Service  Departaient  personnel  to  take 
advantage  of  the  experience  gained  from  other  engine  programs.  Two  such 
reviews  have  been  held  in  Phase  II -C  and  another  is  scheduled  for  the 
fall  of  1966  (figure  7). 


Pratt  & Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

Initial  engine  design  evaluation  is  obtained  by  laboratory  testing, 
component  rig  testing,  and  finally,  complete  engine  development  testing 
as  described  in  Volume  III.  Any  of  the  testing  required  as  a  result  of 
review  and  approval  of  new  design  layouts  is  handled  in  the  same  manner 
as  initial  engine  design  evaluation,  depending  on  the  significance  of 
the  test.  In  each  case,  a  satisfactory  test  results  in  continuing  with 
or  incorporating  the  design  into  the  baseline  configuration  and  an 
assessment  report  (Maintenance  Assessment,  Reliability  Assessment)  to 
compare  the  test  results  to  the  design  goals.  A  failure  results  in  a  fail¬ 
ure  analysis  and  report  that  recycles  the  particular  design  back  to  Design. 

A  simplified  typical  flow  chart  for  these  basic  procedures  of 
ensuring  that  the  design  requirements  of  all  the  product  assurance 
disciplines  are  included  in  the  design  is  depicted  in  figure  8.  The 
complete  procedures  and  specific  differences  are  described  in  the 
Maintainability  Program,  Reliability  Program,  Value  Engineering  Program, 
and  the  Safety  Plan  in  Volume  IV. 


Figure  8,  Product  Assurance  Flow  Chart  FD  17736 
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During  this  engine  development  phase,  changes  to  the  engine  design  are 
submitted  to  the  airframe  manufacturer  for  coordination  if  rhey  affect  the 
airframe/engine  installation,  or  physical  or  functional  interchangeability 
of  the  engines.  The  design  procedure  described  above  for  dcvelopeient 
engine*  is  followed  for  the  prototype  end  production  engines  except  that, 
with  the  baaeline  of  the  development  engine  parts  list  ss  a  point  of 
departure,  e  preliminary  Engineering  Assembly  Parts  List  end  Instsllstion 
Drawing  ere  prepared.  Parte  and  assemblies  ere  released  on  Experimental 
Releasee,  end,  if  found  eetlsfectory  during  development,  ere  reviewed  by 
design  end  drafting  end  an  Engineering  Release,  Perm  PWA  FR-192,  (figure 
9)  is  prepared  with  endorsements  and  approvals  noted  above  for  Experimental 
Releasee.  The  Engineering  Release  is  then  sent  to  Engineering  Records  for 
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preparation  of  the  preliminary  Engineering  Assembly  Parts  List,  Forir  PWA 
F-1351B  (figure  10),  for  the  prototype  or  production  engine.  Shortages 
are  prepared  from  this  Parts  List  and  design  layouts  are  prepared,  approved 
as  noted  above  for  development  engines,  and  the  necessary  new  drawings 
for  parts  and  assemblies  are  approved  and  released  on  Engineering  Releases 
and  added  to  the  preliminary  Engineering  Assembly  Parts  List.  Changes  in 
parts  or  assemblies  released  on  Engineering  Releases  are  accomplished  only 
by  the  formal  Engineering  Change  System  described  in  Section  IV  paragraph 
B. 
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Figure  10.  Engineering  Aaaeably  Pert*  List  FD  17611 

FD  17612 

B.  DEVELOPMENT  ENGINE  ACOOUNTABILITT  CV 

The  Engine  Pert*  Ltet  (figure  6)  1*  the  heel*  for  the  initial  Manu¬ 
facture  and  aaaee&ly  of  a  development  engine.  At  the  time  the  acbedule 
indicate*  the  need  to  order  part*  for  the  engine,  a  run-off  of  the  then 
current  Engine  Part*  Liat  la  fumiahed  by  Engineering  Record*  to  the 
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Project  Engineer  responsible  for  that  development  engine.  He  reviews 
the  Parts  List  with  his  Assistant  Project  Engineers  on  the  basis  of  the 
development  test  requirements  assigned  to  the  engine  to  determine  which 
of  the  alternate  or  optional  designs,  where  they  exist,  will  be  incorporated 
in  the  engine.  The  modified  Parts  List  is  provided  to  the  Project  Materials 
Control  Group  for  parts  procurement  and  delivery  to  Experimental  Engine 
Assembly.  As  the  parts  are  delivered  to  the  Assembly  Floor,  they  are 
checked  against  the  Parts  List  for  correct  part  number  and  change  letter. 

The  Parts  List  will  be  manually  revised  during  the  time  the  parts  are 
being  pulled  and  the  engine  assembled  to  incorporate  any  new  Engineering 
Changes  consistent  with  the  development  test  objectives.  When  the  engine 
is  delivered  to  Test,  the  modified  Parts  List  is  provided  to  Engineering 
Records  and  the  Reliability  Group. 

It  is  the  Reliability  Group's  responsibility  to  retain  the  Parts  List 
and  establish  a  parts  history  file,  or  Engine  Historical  Record  Parts 
List  (figure  11),  for  that  engine  by  part  number.  The  parts  history 
record  for  selected  parts  by  part  number  (and  change  letter)  and  serial 
numbers  are  maintainec'  throughout  the  life  of  the  part.  This  system  is 
described  in  more  detail  in  the  Reliability  Program,  Volume  IV,  Report 
F,  Section  II. 
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Engine  P*. -t*  Lists  for  the  numerous  rebuilds  of  a  development  engine 
are  created  by  comparing  the  Part  List  for  the  last  build  of  the  engine 
to  the  current  Engine  Parts  List  obtained  from  Engineering  Records.  The 
table  of  differences  or  the  "Add  and  Cancel"  list  is  reviewed  by  the 
Project  Engineer  to  determine  whet  items  in  the  "Add  sod  Cancel"  ilat 
are  important,  new,  and  must  be  incorporated  for  the  new  Development 
tett  objectives.  This  modified  list  le  given  to  Project  Meteriels 
Control  for  parts  procurement  in  the  meaner  described  above.  The  final 
Engine  Parte  List  ie  provided  to  Engineering  Records  and  the  tel lability 
Group  when  the  engine  is  reedy  to  go  to  Test. 
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SECTION  IV 

BASELINE  CONTROL  -  ENGINE  DELIVERY  PHASE  (PROTOTYPE  AND  PRODUCTION) 

This  Section  of  the  plan  has  been  entitled  "Engine  Delivery  Pfv  s\" 
since  the  Configuration  Management  system  for  the  Prototype  and  Fvc Auc¬ 
tion  engines  is  Che  same;  only  calendar  time  and  the  type  of  engine 
qualification  test  (! .e.  FTS  or  Certification)  are  different.  Through 
continuing  development,  the  configuration  of  the  two  engines  may  differ. 
Therefore,  the  following  description  of  initial  configuration,  Configura¬ 
tion  Management  system,  Engineering  Changes,  and  Engineering  Change  control 
are  applicable  for  both  types  of  engines,  and.  as  an  expedient  in  the 
Section,  they  will  be  referred  to  as  "Deliver,,  Engines." 

A.  INITIAL  DELIVERY  ENGINE  CONFIGURATION 

The  initial  configuration  of  the  Prototype  or  Production  engine  is 
determined  by  the  baseline  control  as  described  in  Section  III  and 
established  by  a  preliminary  Engineering  Assembly  Parts  List,  Complete, 

Form  PWA-F-1351B  (figure  10)  when  issued.  The  Parts  List.  Complete  is 
a  compilation  of  all  the  Engineering  Assembly  Parts  Lists,  assembly 
drawings,  and  part  numbers  required  to  <»».emble  the  JTF17  engine.  The 
preliminary  Parts  List  is  prepared  a  considerable  time  (up  to  2  years) 
ahead  of  the  Parts  List  that  will  be  used  to  assemble  the  Qualification 
Test  Engine  and  finally  establishes  the  configuration  for  the  first 
Delivery  Engines.  During  this  period,  it  is  revised  as  required  as  the 
engine  development  proceeds.  The  Qualification  Test  Engine  shall  conform 
to  this  Parts  List,  or  as  modified  by  subsequent  Engineering  Changes  as 
described  in  paragraph  B,  following. 

When  the  engine  to  be  used  for  the  Qualif itscion  Test  is  selec  *d, 
the  Engineering  Records  group  provides  the  current  Engineering  Assembly 
Parts  List,  Complete,  to  the  Chief,  Configuration  Management ,  for  review 
and  approval  of  the  Configuration  Management  Board.  It  is  then  given 
to  the  Program  Manager  for  his  approval. 

The  final  Parts  List  is  established  on  the  basis  of  the  engine 
successfully  completing  the  Flight  Test  Suitability  (FTS)  or  the 
Certification  Test.  Satisfactory  :o«pletlon  of  the  Qualification  Test 
essentially  freexes  the  design  and  initial  configuration  of  the  Delivery 
Engines  to  that  of  the  engine  successfully  completing  this  test.  The 
Parts  List  is  then  issued  by  an  Engineering  R^l^asc,  Form  PWA  FRDC-192 
(figure  9),  to  Delivery  Engine  Manufacturing  as  the  baseline  JTF17  engine 
configuration  for  delivery.  The  Engineering  Release  is  approved  by  the 
Chief,  Configuration  Management,  and  the  JTF17  Program  Manager.  All 
subsequent  changes  to  the  Delivery  Engine  configuration  are  by  Parts 
List  change  and  are  accomplished  only  through  a  formal  Engineering 
Change  procedure  under  the  control  of  the  Chief,  Configuration  Management, 

B,  CONFIGURATION  CHANGE  CONTROL  PROCEDURE 

Aa  described  in  Section  1,  the  Engineering  Change  and  Change  Control 
procedures  are  instruments  for  configuration  management.  Pratt  &  Whitney 
Aircraft  policy  requires  that  Engine  and  Part  Drawings  and  Assembly  Parts 
Lists  that  are  originated  in  the  Engineering  Department  and  have  been 
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s  released  for  Delivery  Engines  on  Engineering  Releases,  and  all  P&WA 

material,  design,  and  process  specifications  be  revised  only  by 
Engineering  Change  in  Design  (figures  1  and  2). 

Pratt  &  Whitney  Aircraft  Engineering  Changes  are  classified  as  Class 
1A,  IB,  or  11  as  described  below: 

Class  XA  Changes 

All  design  changes  in  the  complete  article,  assemblies,  sub- 
assemblies  or  parts  thereof,  or  those  changes  recommended  for 
retrofit  when  proposed,  shall  be  designated  Class  1A  Develop¬ 
ment  Changes  whenever  any  one  of  the  following  is  affected: 

1.  Contract  specification,  contract  price,  contract  weight, 
contract  guarantees,  contract  delivery  or  contract  test 
schedules 

2.  Performance,  as  stated  in  the  contract,  either  in  definite 
terms  or  goals,  or  as  experienced  in  items  in  service  use 

3.  Safety 

4.  Electrical  interference  to  communications  -  electronic 
equipment  or  electromagnetic  radiation  hazards 

5.  Preset  adjustments  or  preset  schedules  to  the  extent  that 
(a)  new  identification  must  be  assigned  or  (b)  operating 
limits  are  affected 

6.  Systems,  equipment,  or  facilities  produced  by  another 
contractor  to  the  extent  that  the  other  contractor  must 
accomplish  an  engineering  change  to  maintain  compatibility 
at  the  interface 

7.  Contract  reliability  and/or  contract  maintainability 

8.  Interchangeability,  or  a  change  in  category  regarding 
substitutability  or  replaceability 

9.  Operational  computer  programs. 

Class  IB  Changes 

Design  changes  shall  be  designated  Class  IB  Development  Changes 
whenever  any  one  of  the  following  is  affected  and  the  change  is 
not  recommended  for  retrofit  when  proposed: 

1.  Contract  reliability  and/or  contract  maintainability 

2.  Interchangeability,  or  a  change  in  category  regarding 
substitutability  or  replaceability 

3.  Operational  computer  programs. 
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Class  II  Changes: 

All  other  changes  are  classified  as  Class  II  Changes.  Class  II 
Changes  are  defined  as  ‘’Manufacturing*'  Changes  if  they  are  made 
to  facilitate  manufacture,  and  do  not  change  the  part  identifica¬ 
tion  used  for  documentation.  All  other  Class  II  changes  are 
called  "Development"  changes. 

Changes  Co  the  engine  baseline  configuration,  as  defined  in  paragraph 
A,  to  improve  the  installation,  performance,  durability,  cost,  manufacturing 
and/or  development  of  the  engine,  can  be  requested  by  knowledgeable 
personnel  by  originating  (1)  an  internal  memorandum,  (2)  Engineering  Order 
Supplement  (EOS),  Form  PWA  FSDC  298B  (figure  5),  or  (3)  an  Engineering 
Change  Request,  Fora  PWA  396  (figure  12).  A  simplified  detail  flow 
chart  for  a  typical  Class  IA  Engineering  Change  is  depicted  in  outline 
form  in  figure  13.  If  the  change  is  requested  by  memorandum  or  EOS, 
the  JTF17  Chief  Draftsman  will  originate  the  Engineering  Change  Request 
and  forward  it  to  Engineering  Records  for  processing.  All  requests 
pertaining  t  manufacturing  problems  are  prepared  on  departmental  request 
and  then  submitted  to  Engineering  Records,  as  applicable,  on  the  same 
Engineering  Change  Request  Fora  (figure  12)  by  the  Delivery  Engine  Engineering 
Group.  (At  this  point,  in  anticipation  of  a  revised  design,  the  Chief, 
Configuration  Management,  with  the  Program  Manager's  approval  may  request  the 
issuance  of  a  "Red  Flag  Notice"  (figure  14)  to  advise  all  departments  that 
nrocurement  of  material  or  certain  work  be  stopped  or  held  to  a  required 
minimum  to  lessen  financial  loss  due  to  a  design  change.)  The  Engineering 
Records  Change  Control  Group  assigns  an  Engineering  Change  serial  number 
to  the  Engineering  Change  Request  and  returns  it  to  the  JTF17  Drafting 
Group  for  design  analysis  and,  if  required,  takes  it  to  the  Program 
Manager  for  changes  in  the  Engine  Model  Specification,  Initial  action 
bn  the  part  of  *be  Design  Engineers  assigned  to  the  request  is  to  analyze 
the  nature  and  reason  on  the  Request  for  Change  and  any  problem  or  failure 
reports  attached.  This  analysis  includes  coordinating  with  the  applicable 
Design  and  Project  Engineering  groups  on  feasibility,  effect  on  airplane 
installation,  weight,  and  parts  assembly.  If  new  part9  are  indicated, 
the  drawings  will  be  prepared  and  Engineering  Release,  Form  PWA  FRDC  192 
(figure  9)  initiated  so  that  engine  parts  requiring  development  testing 
may  be  procured.  If  the  request  is  a  new  requirement,  results  from  a 
development  problem,  or  results  from  a  test  failure  in  one  of  the  specific 
areas  of  reliability,  maintainability,  or  safety,  Design  Engineering  will 
review  the  request  with  the  Engineer  responsible  for  the  appropriate 
subject.  Depending  on  the  extent  of  the  change,  the  Design  Engineer  will 
revise  existing  drawings  or  prepare  a  new  design  layout  in  accordance  with 
the  current  design  requirements  and/or  check  lists.  This  design  is 
periodically  reviewed  by  the  Design  Project  Engineer  and  the  appropriate 
Design  Engineer.  At  completion,  if  satisfactory,  the  layout  is  reviewed 
and  signed  by  the  listed  Design  Engineers  to  ensure  complete  Configuration 
Management  approval: 

Design  Reliability  Engineer 

Design  Safety  Engineer 

Design  Maintainability  Engineer 

Design  Value  Engineer 
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Figure  12.  Engineering  Change  Request 
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Figure  14.  Red  Flag  Notice  FD  17616 

From  this  point,  the  procedure  for  a  design  change  is  similar  to  the 
procedure  described  in  Section  111  for  initial  design  of  the  engine. 

The  approved  layout  is  returned  to  the  JTF17  Drafting  Group  to  prepare 
the  necessary  revised  detail  drawings,  assembly  parts  lists,  table  of 
limits,  aud  kits,  and,  if  necessary,  the  Program  Manager  or  his  delegate 
obtains  a  Model  Specification  revisiou  for  the  change.  If  the  layout  is 
not  approved,  a  Review  Sheet,  approved  by  the  Chief  of  the  particular 
discipline  involved,  is  prepared  to  request  development  testing  to  clear 
tue  design  or  refer  it  to  the  Configuration  Management  Board  for  a 
decision.  Evaluation  of  the  change  by  the  Board  results  in  a  decision 
to  either  give  overriding  approval,  request  for  a  trade  study,  or  reject 
the  change.  If  approved  ind  new  parts  are  indicated,  detail  drawings 
will  be  prepared  and  an  Experimental  Release  (figure  3)  initiated  so  that 
engine  parts  requiring  development  testing  and  substantiation  may  be 
procured.  The  Engineering  Change  Request  together  with  the  above 
Information  la  then  presented  to  the  JT717  Program  Manager  or  his  delegate 
for  approval. 

At  this  time,  action  is  initiated  as  required  to  coordinate  the 
proposed  Engineering  Change  with  the  airframe  manufacturer;  alert  the 
manufacturing  groups  (by  Red  Flag  Notice)  of  a  pending  change  to  prevent 
financial  loss  and  schedule  delays;  and  establish  the  degree  of  urgency. 
The  approval  results  in  the  Experimental  Release  (figure  3)  being  issued 
and  the  Engineering  Change  in  Design  (figure  1)  being  initiated*  In 
addition,  a  Development  Engineering  Change  in  Design  Incorporation  Sheet, 
Form  PHA  1990  (figure  15),  la  prepared  for  all  Class  XA  Development 
Changes  if  Delivery  Engines  have  been  shipped  or  parts  interchangeability 
la  involved.  Both  of  thasa  forma  ara  now  raturnsd  to  tha  JTF17  Develop- 
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ment  Engineer  or  his  delegate  for  endorsing  and  indication  of  need  for 
engine  retrofit  parts,  field  parts,  or  fit  check  parts  and  FAA  Data 
Package,  if  required.  The  endorsed  forms,  together  with  the  change 
incorporation  recommendation,  are  returned  to  Engineering  Records  for 
coordination,  distribution,  review,  and  endorsement  as  indicated,  of 
the  preliminary  Engineering  Change  by  the  following  groups  and 
individuals: 

1.  Service  Department  and  Service  Records 

2.  Installation  Engineering 

3.  Materials  Planning  ' 

4.  Manufacturing  Cost  Estimating 

5.  Delivery  Engine  Engineering 

6.  Chief,  Quality  Assurance 

7.  Chief,  Maintainability  and  Human  Engineering 

8.  Chief,  Reliability 


Figure  IS.  Development  Engineering  Change  in  FD  17617 

Design  Incorporation  CV 
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Product  Support's  Installation  Engineering  and  Service  Department 
groups  review  the  change  for  effect  on  the  airframe  installation,  the 
airframe  manufacturer,  the  airlines,  and  delivered  engines.  Serial 
numbers  of  engines  incorporating  the  change  are  requested  to  permit 
notification  of  the  customers  when  the  change  is  issued. 

The  copies  simultaneously  sent  to  the  Materials  Planning  Department 
and  the  Manufacturing  Cost  Estimating  Group  permit  investigation  and 
coordination  with  the  Purchasing  and  Delivery  Engine  (and  Production) 
Departments  to  determine  the  new  parts  and  tooling  lead  times,  material 
availability,  and  manufacturing  coat  effects  of  the  change  on  Delivery 
Engine  Manufacturing.  Estimates  of  the  new  change  tool  cost  and  parts 
cost  per  engine  are  determined  by  these  groups  and  an  Estimated  Manu¬ 
facturing  Cost  of  Engineering  Change,  Form  PVIA  240,  (figure  16),  is 
prepared.  The  Engineering  Change  in  Design  Master  (figure  1)  and  the  cost 
of  change  (figure  16)  are  then  reviewed  by  the  Chief,  Materials  Control, 
or  his  JTF17  delegate  for  approval.  If  satisfactory,  they  are  signed  and 
returned  to  Engineering  Records  for  incorporation  of  any  revisions  resulting 
from  overall  coordination  of  the  preliminary  change.  The  Change  Master 
and  the  Development  Engineering  Change  in  Design  Incorporation  Sheet  (figure 
15)  are  then  sent  to  the  Service  Department  to  determine  if  an  FAA  Data 
Package  is  required  to  luthorise  shipment  of  parts  or  parts  kits  to  the 
custooiers  under  "urgent"  situations,  establish  accounting  control  of  these 
parts,  and  approve  the  Engineering  Change. 


Figure  16.  Estimated  Manufacturing  Cost  of 
Engineering  Change 
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Engineering  Records  group  prepares  the  complete  Engineering  Change 
package,  including  the  master  (figure  1),  with  approvals  and  endorse¬ 
ments  mentioned  above;  development  engine  test  substantiation  data; 

Estimated  Manufacturing  Cost  of  Engineering  Change  (figure  16);  new 
drawings,  Engineering  Change  in  Design  Incorporation  Sheet  (figure  15); 
and  other  related  reports.  The  package  is  reviewed  by  the  Configuration 
Management  Board  and  forwarded  to  the  Chief,  Configuration  Management,  who 
indicates  final  approval.  If  not  satisfactory,  the  package  is  returned 
to  the  Chief  of  Configuration  Management  to  obtain  additional  data.  If 
the  change  is  approved,  all  departments  affected  are  immediately  advised 
by  Notice  of  Approved  Engineering  Change,  Form  PWA  F-1344  (figure  17). 

This  notification  authorizes  the  use  of  preliminary  drawings  and  copies 
of  the  preliminary  Engineering  Change.  Departments  notified  of  change 
approval  are  responsible  for  the  transition,  as  soon  as  possible  within 
the  time  specified  in  the  incorporation  recommendations, to  the  new  change 
drawings,  assemblies,  and  specifications  to  prevent  financial  loss  or 
delay  in  incorporation.  The  notice  is  distributed  by  numbered  copy  as 
follows: 

No.  1  Installation  Engineering 

No.  2  Quality  Engineering 

No,  3  Production  Engineering 

No.  4  Materials  Planning,  Materials  Department 

No.  5  Assembly  Specifications 

Xo.  6  Spare  Parts  Sales 


No,  7  Engineering  Records 
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The  approved  Engineering  Change  with  incorporation  recommendations, 
and  new  drawings,  aa  required,  are  printed  and  distributed  to  all  the 
groups  and  individuals  previously  discussed,  to  authorize  parts  procure¬ 
ment,  change  incorporation  in  new  engines,  incorporation  in  delivered 
engines  as  recommended,  establish  accountability  in  Service  Engineering 
Records,  and  procurement  and  sale  o£  spare  parts.  Incorporation  of  the 
Engineering  Change  in  new  engines  is  reported  from  the  engine  assembly 
floor  via  the  Engineering  Change  Report,  Form  PWA  F-1209  (figure  18), 
to  the  Engineering  and  Service  Engineering  Records  Groups  for  incorpora¬ 
tion  in  the  individual  engine  historical  record.  This  is  described  in 
more  detail  in  paragraph  F,  following.  The  Configuration  Management 
engine  baseline  controls  are  the  Engineering  Assembly  Parts  Lists  and 
the  Installation  Drawing.  Installation  Engineering  and  the  Engine 
Orders  Group  follow  through  by  notifying  the  airframe  or  airline  customers 
of  the  issued  change  and  engine  incorporation  information,  and  selling 
price  adjustment  and  contract  amendments,  respectively. 


Figure  18.  Engineering  Change  Report  FD  17621 
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C.  FART  A**t>  ASSEMBLY  NUMBER  OOWTROL  PROCEDURES 

Fart  numbers  are  initially  assigned  in  numerical  order  as  a  new  engine 
is  being  deelgoed  with  tbs  exception  that  six-  or  seven-digit  numbers, 
ending  in  00,  01,  02,  03,  and  98-99,  are  reserved  for  engine  or  large 
component  assemblies  end  Installation  Drawings. 
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1.  Part  an*1  Assembly  Numbers 

New  part  numbers  are  provided,  as  a  part  of  the  Engineering  Change, 
for  any  detail,  assembly,  assembly-of,  set,  or  kit  where  ore  of  the 
following  conditions  applies: 

1.  Performance  or  durability  is  so  affected  that  superseded 
parts  must  be  discarded  in  service  for  reasons  of  safety 
or  unsatisfactory  functioning 

2.  Superseded  and  superseding  items  are  not  directly  and 
completely  interchangeable  with  respect  to  installation 
and  performance 

3.  Standardisation  -  Superseded  parts  are  limited  to  use 
in  specific  articles  or  models  of  articles,  but  the 
superseding  parts  are  not 

4.  Future  segregation  of  parts  in  the  field  may  be  required. 

New  part  numbers  for  assemblies  are  required  if  1  or  2  above  applies  and 
the  next  higher  assembly  is  sold  as  a  spare  part. 

2.  Part  Number  -  Change  Letters 

In  addition  to  part  numbers,  detail  parts  and  assemblies  are 
controlled  by  change  letters  for  detail  identification  of  minor 
changes  not  requiring  a  part  tuuaber  change. 

a.  Development  Engineering  Change 

A  Development  Engineering  Change  always  provides  a  new  part  number, 
as  in  paragraph  Cl,  above,  or  advances  the  drawing  change  letter  portion 
(e.g.,  "C")  of  the  revision  symbol  (e.g.,  "C-3"),  which  is  entered  in  a 
block  under  the  part  number  on  the  drawing.  With  each  such  advance,  the 
numerical  portion  of  the  revision  symbol  returns  to  "1"  (e.g.,  "CO*'  to 
"D-l") . 

b.  Manufacturing  Change 

A  Claae  XI  Manufeeturlng  Change  uses  the  same  letter  identification 
in  the  revision  symbol  (e.g.  "C-3")  which  la  located  below  the  drawing 
number  as  introduced  by  the  last  davelopment  Engineering  Change  but 
advances  the  change  symbol  (numerical  portion)  in  sequence  (e.g.,  "C-3" 
to  "C-4") . 

D.  JTF17  ENGINE  CHANCES  tiqtJlIINC  FAA  APPROVAL 
1.  Prior  to  Kngioe  Certification 

Engine  Model  Specification  or  engine  design  changes  defined  by  the 
Contract  aa  Category  I,  which  change  the  type  of  engine  cycle,  or 
adversely  street  contract  specification,  engine  weight,  contract  speci¬ 
fication,  engine  performance,  or  angina  nolsa  levels,  will  be  submitted  to 
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Che  FAA  for  approval.  The  request  for  approval  will  be  by  letter  from 
the  Program  Manager  and  will  include  required  substantiating  data. 

Significant  engine  configuration  design  and  Engineering  Changes 
requiring  installation  or  interface  coordination  with  the  airframe 
manufacturer  or  airlines,  will  be  processed  in  accordance  with  the 
preceding  sections.  When  the  coordination  end  approval  has  been  obtained, 
the  change  will  be  reported  in  the  Monthly  Progress  Report. 

All  other  design  changes  are  considered  to  be  Category  II. 

2.  Post-Certification  Production  Engines 

Engineering  changes  for  the  production  engines  following 
engine  Certification  will  be  approved  by  the  FAA -Designs ted  Engineering  A 
Representative*  The  Engineering  Changes  will  be  submitted  in  accordance 
with  the  established  procedures. 

E.  ENGINEERING  CHANGE  PROCESSING 

The  Engineering  Change  processing  procedure  described  in  paragraph  B 
is  known  as  General  Processing.  There  are  several  methods  of  shortening 
the  General  Processing  coordination,  approval,  and  incorporation  cycle 
of  Engineering  -Change a  depending  upon  the  status  of  the  manufacturing 
program  in  relation  to  delivery  of  the  first  engine  and  the  urgency  of 
the  change.  These  are: 

1.  Conference  Processing  -  Prior  to  Production  Build  of  a  new 
engine  model,  urgent  Engineering  Changes  may  be  coordinated 
by  means  of  conference,  if  approved  in  advance  by  the  Program 
Manager  or  his  delegate.  All  the  aforementioned  departments 

or  groups  are  in  attendance  and,  if  the  change  is  satisfactory, 
it  is  approved. 

2.  Expedited  Processing  -  The  Chief  Draftsman  processes  and 
coordinates  the  change  as  required. 

3.  One  Signature  Processing  -  The  Chief  Draftsman  processes, 
coordinates  and  approves  certain  srtnor  changes  classified 
ee  Manufacturing  that  do  not  affect  costs  or  physical 

appearances . 

All  the  above  changes  are  approved  and  then  distributed  end  handled  in 
the  manner  described  for  general  processing. 

F.  DELIVERY  ENGINE  ACCOUNTABILITY 

The  Engineering  Assembly  Perce  List,  Complete  (figure  10)  released 
to  the  Delivery  Engine  Engineering  and  Production  Engineering  Groups  by 
Engineering  Release  (figure  9)  Is  the  basis  for  preparing  a  numerical 
card  deck  for  building  the  first  prototype  or  production  engine.  It  is 
used  to  manufacture  and  requisition  the  parte  for  the  first,  or  any 
later,  engine.  As  the  parts  are  delivered  to  the  asseahly  floor  they 
ere  Inspected  against  the  numerical  deck  print-out  of  the  Parte  List 
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("Spec  Check")  for  correct  part  number  and  change  letter  before  being 
placed  in  the  segregated  build-up  racks  for  the  specific  engine. 

The  engine  is  then  assembled  the  first  time  in  accordance  with  the 
Parts  List  for  Initial  Acceptance  Test  ("Green  Run")  in  accordance  with 
the  Test  Instruction  Sheets  for  that  engine  model.  Following  this  test 
the  engine  is  returned  to  the  assembly  floor  for  disassembly,  inspection 
of  critical  parts,  correction  of  any  deficiencies  and  incorporation  of 
any  new  Engineering  Changes. 

The  engine  is  then  assembled  for  final  build  as  above  and  sent  to 
Delivery  Engine  Test  for  a  Final  Acceptance  Test  run.  If  accepted  in 
accordance  with  tre  appropriate  section  of  the  Test  Instruction  Sheets 
the  engine  is  prepared  for  shipment.  At  this  time  the  engine  model 
designation,  seria1  number,  installation  arrangement  number,  maximum 
rated  rpm,  and  the  performance  trim  parameter  value  is  stamped  on  the 
engine  data  plate.  The  Final  Acceptance  Test  Log  Sheet  information  is 
enclosed  with  the  enjjim  for  shipment  to  the  customer. 

Any  part  introduced  in  a  delivery  engine  after  release  of  the  Engineering 
Assembly  Parts  List,  Complete  is  done  by  an  Engineering  Change.  Any  new 
part  introduced  by  Engineering  Change  is  recorded  at  the  time  of  incorporation 
by  the  assembly  floor  and  all  interested  departments  are  notified  of  incorpor¬ 
ation  of  these  Engineering  Changes  by  the  Daily  Engineering  Change  Report, 

Form  PWA  F-1209  (figure  18),  released  by  Quality  Assurance  Department. 

This  report  alerts  Service  Engineering  Records,  and  Engineering 
Records  as  to  which  part  numbers  were  actually  installed  and  the  engine 
serial  on  "up"  number  of  incorporation.  The  Engineering  Assembly  Parts 
List,  Complete  tor  delivered  engines  is  !>tn  reflected  in  a  Composite 
Engine  Parts  List  (CEPL)  as  are  all  F-1209's  after  the  first  delivered 
engine.  Thi*  CEPL,  besides  listing  parts  in  the  basic  engine  of  a  given 
model,  and  later  engines,  liscs  the  incorporating  Engineering  Change, 
whether  or  not  interchangeability  is  affected,  possible  reoprracion  of 
old  parts,  cancelled  parts,  and  applicable  service  bulletins,  This 
parts  list  is  distributed  to  customers  periodically. 

The  Composite  Engine  Parts  List  (figure  19)  is  maintained  by  Pratt  & 
Whitney  Aircraft  Service  Engineering  Records  for  the  life  or  any  individual 
engine.  A  procedure  for  the  reporting  of  engineering  vhange  incorporations 
by  the  airlines  and  other  engine  overhaul  facilities  has  been  coordinated 
with  the  ilrlines. 
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SECTION  V 

ENGINE  CONFIGURATION  AND  AIRFRAME  COMPATIBILITY 


Throughout  the  initial  phases  of  the  Supersonic  Transport  program, 

Pratt  &  Whitney  Aircraft  worked  closely  with  the  airframe  manufacturers 
toward  the  goal  of  optimum  airframe/engine  combinations.  This  was 
especially  true  in  Phase  II-C  and  culminated  in  the  signing  of  the 
Airframe/Engine  Interface  Control,  Technical  and  Basic  Working  Agree¬ 
ments.  Although  these  agreements  cover  other  subjects  such  as  test 
programs  and  schedules,  a  primary  objective  is  to  establish  a  baseline 
for  the  Phase  III  program  fo*.  engine/airframe  compatibility  and  to  agree 
upon  procedures  for  maintaining  complete  compatibility  as  the  engine 
and  airframe  design  and  configurations  are  refined. 

The  essential  engine-related  elements  of  the  Interface  Control  or 
Technical  Agreements  are: 

1.  The  JTF17  Engine  Model/Performance  Specification  including 
the  Engine  Installation  Drawing 

2.  The  JTF17  Engine  Mockups 

3.  The  JTF17  Installation  Handbook. 

The  Engine  Model/Performance  Specification  is  the  basic  document 
establishing  the  characteristics  of  the  JTF17  engine  and,  in  conjunction 
with  the  technical  agreement,  forms  the  basis  for  Interface  Compatibility 
and  Configuration  Management  Control. 

The  JIF17  Installation  Handbook  provides  additional  detail  or  des¬ 
criptive  engine  information  on  the  engine  fuel,  lubrication  and  electrical 
systems  and  airframe  system  design  considerations  related  to  engine  per¬ 
formance  calculations,  accessories,  instrumentation,  and  inlet  and  exhaust 
systems. 

The  Engine  Installation  Drawing  and  engine  mockups  depict  the 
external  physical  configuration  of  the  engine  in  detail  and  are  necessary 
in  the  coordination  process  for  required  changes  by  either  Pratt  & 

Whitney  Aircraft  or  the  airframe  manufacturer.  In  addition  to  the 
function  of  assisting  in  the  accurate  and  rapid  coordination  of  proposed 
Engineering  Changes  affecting  interface  control  features,  the  engine 
mockups  will  serve  to  aid  in  the  verification  of  the  maintainability  and 
servicing  features  of  the  engine.  These  mockups  may  also  be  used  by  the 
airframe  manufacturer  as  a  production  checking  fixture  and  for  personnel 
familiarization. 

The  procedures  for  coordinating  engine  configuration  changes  with  the 
airframe  manufacturer  are  described  in  the  following  sections.  The 
procedures  are  similar  but  differ  in  important  details  for  prototype 
and  production  engines. 

A.  PHASE  III  PROTOTYPE  ENGINE  CONFIGURATION  COMPATIBILITY  PROCEDURES 

1.  A  change  request  is  required  to  be  initiated  by  P&WA  directly  or 

at  the  request  of  the  airframe  manufacturer,  an  airline,  or  the  FAA. 
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2.  An  Engineering  Change  Field  Survey  Request,  Form  PWA  F-3Q85, 
(figure  20),  is  conducted  by  Product  Support’s  Installation 
Engineering  Group  if  the  change  is  believed  to  affect  the  engine 
installation  physical  interchangeability  of  engine's  maintain¬ 
ability  or  serviceability.  Ihe  Field  Survey  is  accomplished 
by  submitting,  through  P&WA  Field  Engineers  contacting  the 
airframe  manufacturers,  layout  drawings,  photos,  and/or 
descriptive  information  necessary  to  define  the  proposed 
change  so  the  airframe  manufacturer  may  determine  its  effect 
on  the  airplane.  When  necessary,  engine  meckup  parts  may 
be  supplied  to  ensure  installation  compatibility. 


Figure  20.  Field  Survey  Request  FD  1 7625 

CV 

3.  The  Field  Engineer  advises  Installation  Engineering  of  all 
airframe  manufacturer  comments  relative  to  the  acceptability 
of  the  proposed  changes  from  an  installation  compatibility 
standpoint.  In  accordance  with  established  practices,  the 
Field  Engineer,  when  advised  on  the  installation  compatibility 
of  the  Field  Survey  by  the  Airplane  Propulsion  Manager, 

will  provide  him  with  the  Engineering  Change  in  Design 
number  and  then  request  written  approval  of  the  Engineering 
Change . 

4.  If  a  specific  Engineering  Change  Proposal  is  unacceptable, 
negotiations  will  continue  until  an  acceptable  configuration 
is  established.  In  some  instances,  this  may  require  another 
Field  Survey  to  establish  the  acceptability  of  a  slightly 
modified  change. 
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5.  When  written  notification  of  acceptability  has  been  received, 

P&WA  will  then  approve  and  issue  the  Engineering  Change  if 
all  internal  reviews  are  satisfactory.  The  change  will  be 
incorporated  in  the  engine,  on  the  JTF17  Installation 
Drawing,  and  Model  Specification,  if  required,  in  accordance 
with  the  incorporation  schedule. 

6.  The  JTF17  engine  mockup  will  be  revised  to  reflect  the  Engineering 
Change . 

7.  As  soon  as  possible  after  final  approval  and  issuance  of  the 
Engineering  Change,  P&VIA  will  establish  an  estimated  engine 
incorporation  date  for  prototype  engines  and  follow  up  with 
confirmed  engine  serial  "up  numbers".  This  information  is 
signed  by  the  Chief  of  Installation  Engineering  and  transmitted 
to  the  airframe  manufacturer. 

B.  PRODUCTION  ENGINE  CONFIGURATION  COMPATIBILITY  PROCEDURE 

The  following  describes  PWA  procedures  in  processing  Engineering 
Changes  for  production  engines  that  could  have  an  adverse  effect  on: 

(a)  the  physical  interchangeability  of  engines  in  the  airplane  installa¬ 
tion,  or  (b)  certified  performance,  and/or  operational  characteristics 
of  the  airplane,  and/or  FAA  approved  manuals  applicable  thereto. 

1.  Changes  that  fall  into  these  categories  squire  coordination 

with  the  airframe  manufacturer,  in  addi^on  to  review  and  approval 
by  the  FAA.  They  are  coordinated  as  follows: 

Steps  1  and  2  are  the  same  as  in  paragraph  A. 

Step  3.  If  the  airframe  manufacturer  concurs  that  the  physical 
interchangeability  of  the  engine  in  the  airplane  is  not 
affected,  the  field  survey  is  approved  by  letter  from 
the  airframe  manufacturer  to  Pratt  &  Whitney  Aircraft 
and  Steps  4  and  5  listed  below  are  taken.  If  physical 
interchangeability  is  affected,  coordination  between 
Pratt  &  Whitney  Aircraft  and  the  airframe  manufacturer 
will  continue  until  a  mutually  acceptable  solution  is 
achieved. 

Step  4.  Data  and  information  applicable  to  the  coordinated 

change  will  be  submitted  by  P&WA  to  the  FAA  for  their 
use  in  reviewing  the  change  for  approval. 

Step  5.  Pratt  &  Whitney  Aircraft  will  notify  the  airframe 
manufacturer  when  the  change  has  been  approved  and 
issued  by  FAA.  Changes  that  fall  in  the  above  cate¬ 
gory  (1)  of  physical  interchangeability  should  not 
require  the  airframe  manufacturer  to  notify  his 
cognisant  FAA  Region. 
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2.  Changes  that  do  or  could  adversely  affect  certified  performance 
and/or  operational  characteristics  of  the  airplane,  or  FAA 
approved  manuals,  are  coordinated  as  follows: 

Step  1.  Pratt  &  Whitney  Aircraft  submits  an  Engineering  Change, 
Field  Survey  package  consisting  of  data,  drawings,  or 
other  information  necessary  to  define  the  proposed  change 
aud  requests  the  airframe  manufacturer  to  determine  the 
effect  of  the  change  on  the  certified  performance, 
operational  characteristics  of  the  airplane,  or  FAA 
approved  flight  manuals.  If  the  airframe  manufacturer 
determines  there  is  no  adverse  effect  of  the  change  on 
certified  performance  or  FAA  approved  flight  manuals, 
he  will  forward  an  approval  letter  of  the  field  survey 
to  Pratt  &  Whitney  Aircraft  and  Steps  4  and  5  above, 
will  be  taken. 

Step  2.  Upon  finding  that  the  proposed  change  does  have  an  effect, 
the  airframe  manufacturer  will  advise  Pratt  &  Whitney 
Aircraft  of  the  nature  and  scope  of  the  effect  on  certi¬ 
fied  performance,  operational  characteristics  of  the 
airplane,  and/or  released  FAA  approved  flight  manuals. 

If  the  airframe  manufacturer  finds  it  necessary  to 
contact  his  local  cognizant  FAA  Region,  he  must  make  it 
clear  that  P&MA  has  not  at  this  point  notified  FAA  of 
the  proposed  change.  Coordination  between  Pratt  & 

Whitney  Aircraft  and  the  airframe  manufacturer  will 
continue  until  a  mutually  acceptable  solution  is  achieved. 

Step  3.  If  it  is  decided  to  proceed  with  the  change,  a  letter 

of  approval  for  the  Engineering  Change  will  be  requested 
from  the  airframe  manufacturer.  Upon  receipt  of  this 
approval  letter,  the  proposed  Engineering  Change  will 
be  submitted  by  Pratt  &  Whitney  Aircraft  to  FAA  with 
data  and  information  applicable  to  the  coordinated 
change. 

Step  4.  Receipt  of  approval  of  the  proposed  change  from  the  FAA 
will  constitute  complete  authorization  for  P&HA  to  de¬ 
liver  engines  which  incorporate  the  provisions  of  the 
Engineering  Change.  P&HA  will  notify  the  airplane 
manufacturer  of  the  FAA  approval. 

3.  As  soon  as  possible  after  release  of  an  Engineering  Change,  P&HA 
will  establish  an  estimated  incorporation  date  for  all  production 
engine  models  involved  and  will  follow  up  with  confirmed  incorpor¬ 
ation  dates  or  engine  "up  numbers."  This  information  will  be 
transmitted  by  letter  to  the  airplane  manufacturers  concerned. 

In  summary,  the  foregoing  description  of  P&UA  procedure  for  coordina¬ 
tion  of  Engineering  Changes  with  IAA  and  the  airframe  manufacturer  conform 
to  agreements  reached  at  the  30  March  1966  meeting  at  FAA  Headquarters  in 
Washington,  D.C.,  and  are  outlined  here  as  confirmation  of  that  agreement. 
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SECTION  VI 

SUBCONTRACTOR/ VENDOR  COMPONENT  CONFIGITRATIC*:  CC.TT*\CL 

Pratt  &  Whitney  Aircraft's  established  responsibilities  for  Configura¬ 
tion  Management  include  the  control  of  major  components  and  all  Engineering 
Changes  requested  or  initiated  by  its  subcontractors /vendors.  Requirements 
are  established  by  appropriate  sections  of  the  purchase  specifications 
in  each  purchase  order  issued  to  a  subcontractor.  The  purchase  specifica¬ 
tions  explain  in  detail  the  specific  responsibilities  of  the  subcontractor 
in  providing  Pratt  &  Whitney  Aircraft  with  a  complete  component  parts 
list  and  sufficient  and  timely  information  on  proposed  configuration 
changes.  Enforcement  of  specification  and  purchase  order  requirements 
is  controlled  by  the  appropriate  Quality  Assurance  and  Purchasing 
personnel,  and  will  be  monitored  by  the  Product  Assurance  Manager. 

One  of  the  means  for  controlling  the  configuration  and  obtaining 
the  best  design  and  quality  assurance  is  to  procure  parts  from  specific 
sources.  This  is  achieved  by  the  Source  Approval  Procedure. 

Procurement  of  certain  parts  is  limited  by  Source  Approval  controls  to 
particular  sources  as  follows: 

1.  The  Design  Department  specifies  the  source  of  items  when  the  P&MA 
drawing  describes  any  item  that  may  relate  to  vendor  patent,  manu¬ 
facturing,  or  proprietary  rights.  The  control  information  is  in¬ 
dicated  on  the  design  layout  and  on  the  Source  Approval  Data  List. 
Both  documents  are  approved  by  Design  and  Development  Project 
Engineering,  as  described  previously  in  Sections  III  and  IV.  The 
dimensions,  configuration,  materials,  vendor's  name,  address,  and 
identifying  number  are  shown  on  Source  Control  Drawings. 

2.  Development  Engineering  specifies  the  source  of  items  when 

(1)  manufacturing  is  considered  so  complex  that  ordinary  means 
of  conveying  information  are  inadequate;  or  (2)  it  is  desired 
to  designate  a  vendor,  including  P&MA,  who  possesses  particular 
skills  or  has  acquired  specialised  knowledge  or  ability  through 
cooperation  with  the  P&MA  Engineering  Department  during  develop¬ 
ment  of  the  item.  The  control  information  is  indicated  on  the 
Source  Approval  Data  List,  and  the  P&MA  Source  Control  Drawing. 

The  procedures  for  establishing  parts  lists,  development  testing  and 
changes  for  configuration  control  of  these  components  are  similar  to 
those  established  for  prototype  and  production  engines.  They  differ 
only  in  calendar  time  and  type  of  qualification  test. 

A.  DELIVERY  ENGINE  COMPONENT  CONFIGURATION 

The  parts  list  for  each  major  component  of  the  engine's  fuel,  hydraulic, 
and  ignition  systems  is  established  at  the  proper  time  by  the  development 
unit  that  successfully  completes  the  prototype  engine  FTS  test  or  the 
production  engine  Certification  Test  requirements.  The  parts  list  for  the 
unit  that  is  subjected  to  the  FTS  or  the  production  engine  Certification 
Test  engine  test  is  established  by  agreement  between  the  subcontractor 
and  the  Development  Engineering  Department  after  development  time  and 
testing  indicate  that  this  list  of  parts  defines  s  component  capeble  of 
completing  these  tests. 
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The  detailed  parts  list  of  the  unit  successfully  completing  the  test 
is  furnished  by  the  subcontractor  to  Pratt  &  Whitney  Aircraft  for  approval. 
P&HA  then  approves  the  subcontractor  parts  list,  issues  the  subcontractor 
a  P&MA  part  number,  and  prepares  a  component  Installation  drawing  known 
as  a  Source  Control  Drawing,  including  the  vendor  parts  list  number,  as 
the  definition  of  the  unit.  The  P&HA  part  number  is  included  in  the  JTF17 
Engineering  Assembly  Parts  List,  Complete  and  the  record  system. 

Any  changes  to  the  component  required  after  this  release  can  only  be 
incorporated  through  an  Engineering  Change  and  the  Engineering  Change 
Control  procedure. 

Any  changes  affecting  external  configuration  will  be  checked  to  the 
engine  Installation  Drawing  and  on  the  Engineering  Design  mockup,  prior 
to  coordinating  any  installation  requirements,  if  needed,  with  the  aircr.  t 
manufacturer  as  described  in  Section  V.  After  the  change  is  coordinated 
and  the  Engineering  Change  approved  in  the  established  manner,  the  instal¬ 
lation  definition  of  the  component,  as  defined  by  the  P&MA  Source  Control 
(Component  Installation)  Drawing,  is  revised. 

B.  CONFIGURATION  CHANGE  CONTROL  PROCEDURE 

Each  subcontractor  component  is  defined  by  a  Pratt  &  Whitney  Aircraft 
Source  Control  Drawing.  This  drawing  contains  the  conqponent  external 
contour  and  installation  dimensions  as  well  as  the  (subcontractor  name 
and  address,  part  number,  and  parts  list  identification. 

The  subcontractor  component  parts  list  is  froxen  upon  satisfactory 
completion  of  the  engine  FIS  or  Certification  tests,  as  applicable,  or 
upon  release  of  the  component  for  production  in  the  event  that  this 
release  is  prior  to  completion  of  the  engine  ITS  or  Certification  test. 

All  subsequent  changes  to  the  component  require  Pratt  &  Whitney  Aircraft 
approval  and  are  implemented  by  Engineering  Change  similar  to  engine 
configuration  changes  described  in  the  following  paragraphs. 

1.  Class  I  Engineering  Changes 

Briefly,  changes  afrecting  contract  price,  weight,  delivery,  radio 
interference,  performance,  or  durability  to  a  degree  requiring  rework  of 
units  delivered,  and  changes  affecting  Interchangeability  or  Installation 
and  performance  features  of  the  engine  or  component,  are  deemed  Class  I 
Engineering  Changes.  For  such  changes,  the  subcontractor /vendor  is 
required  to  submit  a  change  proposal  to  Pratt  &  Whitney  Aircraft's  Develop¬ 
ment  Engineering  Department.  This  request  must  completely  define  all 
aspects  of  the  desired  change  including  nature,  reason,  substantiation, 
and  add-and-cancel  parts  list  in  ranking  order,  old  drawings  and  new 
preliminary  drawings,  salable  parts,  canceled  parts  disposition,  and 
earliest  possible  effectlvity.  For  acceptable  proposals,  which  may 
Include  substantiation  testing  at  Pratt  &  Whitney  Aircraft  before 
acceptance,  a  Pratt  &  Whitney  Aircraft  Engineering  Change  in  Design 
(figure  1)  is  processed  in  accordance  with  established  procedures. 

After  the  Engineering  Change  la  approved  by  the  Chief,  Configuration 
Management,  and  the  Program  Manager  or  his  delegate,  it  is  issued  and  the 
vendor  is  authorised  to  incorporate  the  change  in  e  manner  defined  by 
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Pratt  &  Whitney  Aircraft  by  a  supplement  to  the  Purchase  Order.  Prior  to 
shipment  of  components  incorporating  a  new  Engineering  Change,  the  vendor 
must  furnish  the  parts  list  identification  of  the  change  in  the  order  of 
incorporation.  Such  identification  is  reflected  on  the  PrAtt  &  Whitney 
Aircraft  Source  Control  Drawing. 

2.  Class  11  Changes 

Engineering  changes  in  vendor-supplied  components  that  cannot  be 
designated  Class  I  are  deemed  Class  IX  Development  Changes.  When  the 
vendor  desires  to  incorporate  such  changes,  he  is  required  to  obtain  the 
approval  of  the  cognizant  Pratt  &  Whitney  Aircraft  Project  Engineer.  An 
equivalent  Pratt  &  Whitney  Aircraft  engineering  change  is  processed  only 
when  the  externa1  contours  or  installation  dimensions  are  affected  by 
the  change;  and  when,  by  the  nature  of  the  change  classification,  such 
changes  in  contour  or  dimensions  are  of  a  minor  nature.  The  subcontrac¬ 
tor  parts  list  identification  of  Class  IX  Development  Changes  must  be  by 
a  means  other  than  that  defined  on  the  Source  Control  Drawing. 

3.  Vendor-Supplied  Minor  Components 

The  preceding  discussions  are  applicable  to  the  majority  of  vendor 
components.  Vendor-supplied  minor  components,  such  as  drain  valves  or 
small  actuators,  are  controlled  in  the  same  manner  except  that  a  vendor's 
parts  list  is  not  required.  Such  components  are  controlled  by  the  vendor 
part  number  and  change  letter  designation  on  the  Pratt  &  Whitney  Aircraft 
Source  Control  Drawing. 
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SECTION  VII 

JTF17  CONFIGURATION  MANAGEMENT  WORK  PLAN 


A.  PREPARE  AND  ISSUE  JTF17  ENGINE  MODEL  AND  PERFORMANCE  SPECIFICATION 

A  model  specification  for  the  production  engine,  including  the  per¬ 
formance  decks  and  Installation  Drawing  defining  the  engine,  will  be 
prepared,  issued  and  modified  as  required.  The  prototype  engine  will  be 
defined  in  this  specification  by  indicating  appropriate  differences  only 
where  applicable.  Revision  to  the  specification  will  be  by  specificat  on 
change  and  transmittal  letter  and  will  be  tne  responsibility  of  the 
Chief,  Configuration  Management.  The  Engineering  Specification  Group 
is  responsible  for  maintaining  and  issuing  a  current  specification. 

B.  ESTABLISH  JTF17  ENGINE  DESICN  (PROTOTYPE  AND  PRODUCTION) 

The  engine  design  will  be  established  by  program  requirements,  engi¬ 
neering  design,  analysis  of  design  requirements  and  coordination  of  all 
airframe  manufacturer  design  and  interface  requirements.  The  Chief, 

Engine  Design  is  responsible  for  the  design  of  the  engine  subject  to 
continuing  review  of  the  various  product  assurance  groups  and  the  Chief, 
Configuration  Management,  and  the  approval  of  the  Manager,  JTF17  Develop¬ 
ment  and  the  Program  Manager. 

C.  PRATT  &  WHITNEY  AIRCRAFT  JTF17  ENGINE  DESIGN  REVIEW 

Periodic  reviews  of  the  engine  design  will  be  conducted  h_,  the  Pratt  & 
Whitney  Aircraft  Design  Review  Board  to  assure  that  all  related  past  and 
current  turbine  engine  experience  is  considered  in  the  design  and  develop¬ 
ment  of  the  engine.  Reviews  will  be  scheduled  by  the  Program  Manager  as 
major  components  on  the  engine  design  are  completed.  This  is  a  continuation 
of  the  established  Phase  II-C  reviews  which  have  been  held  or  are  scheduled 
as  indicated  on  the  Milestone  Chart  (figure  7). 

D.  JTF17  ENGINE  ENGINEERING  DESIGN  REVIEW  (PROTOTYPE  AND  PRODUCTION) 

A  plan  for  an  Engineering  Design  Review  of  the  JTF17  engine  by  the 
FAA,  airlines,  and  airframe  manufacturer  covering  the  program  requirements, 
engine  design  requirements  end  the  airframe  manufacturer  requirements 
will  be  established.  Tentatively,  the  Engineering  Design  Review  can  be 
scheduled  to  coincide  with  the  100%  release  of  drawings  to  manufacturing 
for  the  first  development  JTF17  engine,  or  approximately  6  months  after 
go  ahead.  This  review  could  possibly  be  combined  with  the  Engine  Mockup 
Review.  The  Engineering  Design  Review  for  the  production  engine  will  be 
scheduled  early  in  1971. 

E.  ESTABLISH  JTF17  PROTOTYPE  ENGINE  CONFIGURATION 

The  prototype  engine  configuration  will  be  established  by  continuing 
engineering  design,  the  results  of  engine  development  testing  end  continuing 
coordination  of  all  airframe  manufacturer  design  and  interface  requirements. 
An  Engineering  Assembly  Parts  List,  Complete  will  be  prepared  by  Engineering 
Records  prior  to  assembly  of  the  engine  to  be  used  for  qualification  teatlng. 
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The  Chief,  Configuration  Management  will  be  responsible  for  review, 
approval  and  submission  of  an  up-to-date  list  to  the  Development  and 
Program  Manager  for  approval  of  the  configuration  of  the  qualification 
test  engine.  This  list  will  be  issued  following  successful  completion 
of  the  FTS. 

F.  JTF17  ENGINE  MOCKUPS  (PROTOTYPE  AND  PRODUCTION) 

Engine  Mockups  will  be  manufactured  and  maintained  for  Pratt  &  Whitney 
Aircraft  engineering  design  and  the  airframe  manufacturer  as  mutually 
agreed  upon.  These  are  discussed  briefly  in  Sections  III  and  IV  and 
identified  on  the  figure  7  Milestone  Chart.  This  program  is  described 
in  detail  in  the  Mockup  Plan,  Volume  III,  Report  D. 

G.  JTF17  ENGINE  MOCXUP  REVIEW  (PROTOTYPE  AND  PRODUCTION) 

The  formal  engine  Mockup  Review  can  be  tentatively  scheduled  for 
February  1968  for  the  prototype  engine  when  the  JTF17  Installation 
Design  Engine  mockup  is  scheduled  to  be  available.  An  updated  Phase  II-C 
engine  mockup  will  be  available  early  in  1967.  The  production  engine 
mockup  which  will  incorporate  all  the  development  and  flight  test 
program  required  changes  will  be  available  for  review  early  in  1971. 

H.  CONTROL  OF  JTF17  PROTOTYPE  ENGINE  CONFIGURATION 

Control  of  the  prototype  engine  configuration  will  be  maintained  by 
the  Chief,  Configuration  Management,  and  accomplished  only  by  Engineering 
Changes.  The  Configuration  Management  Review  Board  is  responsible  for 
review  and  approval  of  all  configuration  changes.  The  Engineerii.g  Records 
and  Specifications  group  are  responsible  for  issuance,  revision,  and 
distribution  of  the  Engineering  Changes  including  the  revisions  to  the 
Engineering  Assembly  Parts  Lists  and  the  Engine  Model  Specification, 
respectively, 

• 

I.  ESTABLISHMENT  OF  JTF17  PRODUCTION  ENGINE  CONFIGURATION 

The  production  engine  configuration  will  be  established  on  the  basis 
of  the  prototype  engine  development  experience,  the  flight  test  program 
experience,  by  continuing  engineering  design  end  by  continuing  coordina¬ 
tion  of  all  airframe  manufacturer  design  and  development  and  interface 
requirements.  An  Engineering  Assembly  Parts  List,  Complete  will  be  pre¬ 
pared  by  Engineering  Records  prior  to  assembly  of  the  engine  to  be  used 
for  qualification  testing.  The  Chief,  Configuration  Hanageaent,  will  be 
responsible  for  review,  approval  and  submittal  of  an  up-to-date  list  to 
the  Manager,  JTF17  Development,  end  Program  Manager  for  approval  of  the 
onfiguratlon  of  the  qualification  test  engine.  This  list  will  be  issued 
following  successful  completion  of  the  production  engine  Certification 
Test. 

J.  CONTROL  OF  JTF17  PRO^'IlON  ENGINE  CONFIGURATION 

Control  of  the  production  engine  configuration  will  be  maintained  by 
the  Chief,  Configuration  Management,  and  accomplished  only  by  Engineering 
Changes.  The  Configuration  Management  Review  Board  is  responsible  for 
review  and  approval  of  all  configuration  changes.  The  Engineering  Records 
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group  is  responsible  for  issuance,  revision,  and  distribution  of  the 
Engineering  Change"  x.'.c'iding  the  revisions  to  the  Production  Engine 
Engineering  Assembly  Parts  Lists. 

A 

K.  IMPLEMENTATION  OF  ENGINEERING  CHANCE  CONTROL  PROCEDURES 

Adherence  to  the  established  procedures  throughout  the  Phase  III,  IV, 
and  V  programs  will  be  the  responsibility  of  the  Chief,  Configuration 
Management  and  the  Program  Manager. 

L.  AIRFRAME /ENGINE  CONFIGURATION  COORDINATION  MEETING 

Meetings  will  be  held  periodically  to  continue  the  close  configuration 
and  interface  compatibility  liaison  established  in  Phase  II-C  and  ensure 
that  the  requirements  outlined  in  the  Airframe /Engine  Interface,  Techni¬ 
cal,  and  Basic  Agreements  are  being  met. 

M.  JTF17  ENGINE  CERTIFICATION  TEST  -  PRE-TEST  AND  POST-TEST  REVIEWS 

The  engines  selected  for  Certification  Testing  for  production  engine 
qualification  test  will  be  available  for  review  following  engine  assembly.  j 

At  completion  ox  the  Certification  Test,  the  engine  will  be  available 
for  inspection  and  the  results  of  the  test  may  be  reviewed.  Tentatively 
scheduled  dates  for  these  reviews  ore  indicated  on  the  Milestone  Chart 
(figure  7). 

N.  JTFJ.7  ENGINE  POST- 1  GO-HOUR  FLIGHT  TEST  REVIEW 

Following  completion  of  the  100-hour  Flight  l.st  Program,  a  meeting 
to  review  the  engine  test  program  results  will  be  held  at  a  time  and 
place  to  be  agreed  upon. 

O.  AIRFRAME  MANUFACTURER  REVIEW  MEETINGS 

Pratt  &  Whitney  Aircraft  is  planning  to  support  the  airframe  manu¬ 
facturer,  to  the  extent  he  requests,  or  as  required  during  all  requited 
review  meetings.  Insofar  as  we  are  currently  apprised  of  these  meetings, 
as  follows,  ve  have  Indicated  the  time  period  on  the  Milestone  Chart 
(figure  7): 

Airframe  Mockup  Review  Meeting 
Airframe  First  Flight  Review  Meeting 
Post- 100- Hour  Flight  Review  Meeting 
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REPORT  D 

DATA  MANAGEMENT  PUN 


SECT!  IN  I 
OBJrCiIVE 


The  Data  Management  Plan  describes  the  program  that  will  he  implemented 
to  generate,  collect,  store  and  disseminate  significant  technical,  financial, 
and  managerial  data  to  support  the  JTF17  engine  program.  These  data  will 
be  used  to  facilitate  program  monitoring  and  decision  making,  promote 
economy,  and  coordinate  with  and  inform  the  FAA,  airframe  contractor,  and 
the  airflines. 


SECTION  II 
ORGANIZATION 


As  shown  in  figure  1,  the  authority  of  the  Chief,  Data  Management  to 
request,  direct,  and  schedule  the  generation  of  data  and  to  collect, 
store,  and  disseminate  these  data  is  deri  ed  from  the  Program  Manager 
through  the  Manager,  JTF17  Program  Controls. 
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Figure  1.  Data  Management  Organisations 
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A.  FUNCTIONS  AND  RESPONSIBILITY 

The  Chief,  Data  Management's  function  is  to  identify  document  require- 
.nents,  program  the  development  of  documents,  and  monitor  the  tasks  required 
for  delivery  of  documents  to  assure  the  timely  flow  of  significant  tech¬ 
nical,  financial,  ^nd  managerial  data  throughout  the  design,  development, 
delivery,  and  service  phases  of  the  Engine  Development  Program.  The  Chief, 
Data  Management  has  the  following  responsibilities: 

1.  Establish  data  requirements  and  prepare  a  Data  Requirements 
Document 

2.  Prepare  and  maintain  a  Data  List  to  provide  a  current  account¬ 
ing  of  documents  generated 

3.  Coordinate  data  requirements  with  other  organizational  ele¬ 
ments  within  Pratt  &  Whitney  Aircraft,  the  airframe  contrac¬ 
tor,  the  Government,  and  the  airlines 

4.  Establish  and  maintain  a  JTF17  Program  Room  to  interface 
with  the  Control  Room  maintained  by  the  FAA 

5.  Maintain  close  iination  with  the  FAA,  airframe  contrac¬ 
tor,  and  the  ai.  ,'.es  on  matters  pertaining  to  pertinent 
data  acquisition  and  dissemination 

6.  Establish  and/or  ma  ^tain  reference  files  of  related  data 

7.  Review  the  Technical  Abstract  Bulletin  on  a  continuous  basis 

8.  Update  the  Data  Management  Plan. 

B.  RELATIONSHIPS  TO  CHIEF,  DATA  MANAGEMENT 

Coordination  of  JTF17  program  data  requirements  within  Pratt  &  Whitney 
Aircraft  and  with  the  FAA,  airfran.a  contractor,  and  the  airlines  will  be 
monitored  by  che  Chief,  Data  Management.  Internal  and  external  data  will 
flow  through  the  Data  Center.  The  Data  Center  will  record,  establish 
requirements  for,  schedule,  track,  collect,  prepare  and  disseminate  pro¬ 
gram  data,  as  required,  to  support  program  requirements. 

1 .  Support  Group  Relationship 

The  Chief,  Data  Management  is  assisted  by  the  Project  Group  and  various 
support  groups  in  all  phases  of  the  engine  program.  Formal  communication 

of  data  tasks  and  schedules  are  provided  to  the  project  and  departmentally 

organized  support  groups  by  the  Chief,  Data  Management.  In  addition,  he 

maintains  a  close  wortcing  relationship  with  these  groups  to  provide  guidance 

and  assure  their  continual  awareness  of  data  objectives  and  requirements 
as  well  as  the  data  activities  in  interface  areas.  Through  the  Chief, 

Data  Management,  data  are  tracked  and  the  feedback  of  significant  data  it. 
provided  to  the  Program  Manager  and  other  program  management  personnel. 

2.  Relationship  to  FAA,  Airframe  Contractor  and  Airlines 

Data  requirements  for  the  FAA,  airframe  contractor,  and  airlines,  and 
tne  dissemination  of  data  to  these  sources  will  be  coordinated  through 
the  Chief,  Data  Management. 
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SECTION  III 
DATA  CENTER  OPERATION 


The  functional  operation  of  the  Data  Center  is  shown  in  figure  2.  All 
requests  for  data  from  the  FAA,  airframe  contractor,  airlines,  and  Pratt  & 
Whitney  Aircraft  will  be  directed  to  the  Chief,  Data  Management.  He  will 
establish  the  data  requirements,  tasks  and  schedules  through  Engineering 
Order  Supplements  and  Delivery  Order  Supplements  and  provide,  as  required, 
-written  detail  instructions  for  data  preparation  to  the  appropriate  Project 
Manager.  All  data  items  will  be  incorporated  into  the  Pratt  &  Whitney 
Aircraft  DATAMAT,  which  will  permit  the  control  and  tracking  of  data  prepara¬ 
tion  on  a  current  basis  using  electronic  data  processing  to  produce  weekly 
status  reports. 


Figure  2.  Data  Center  Functional  Operation  FD  17714 
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A.  DATAMAT 

Pratt  &  Whitney  Aircraft  plans  to  develop  and  implement  during  Phase  III 
a  Data  Management  Analysis  Technique  (DATAMAT)  system,  which  will  be  used 
to  identify  document  requirements,  program  the  development  of  documents, 
and  monitor  the  tasks  required  for  timely  delivery  of  documents.  DATAMAT 
subjects  data  preparation  and  transmittal  for  the  Phase  III  JTF17  engine 
development  program  to  computerized  control  and  review.  Three  DATAMAT 
reports  will  be  generated  weekly: 

1.  The  DATAMAT  Current  Report,  essentially  in  che  format  shown 
in  figure  3,  which  lists  the  status  of  all  data  required  by 
the  Data  Requirements  Documents  and  the  Data  List,  is  for¬ 
warded  to  the  Chief,  Data  Management  and  Manager,  Program 
Controls 
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Figure  3.  Datamat  Current  Report  FD  17715 

2.  The  DATAMAT  Red  Flag  Report,  which  lists  all  data  items  that 
are  late  or  behind  schedule,  is  forwarded  to  the  JTF17 
Program  Manager  and  Manager,  JTF17  Program  Controls  for 
corrective  action 

3.  The  DATAMAT  Accession  Report,  which  lists  all  data  items 
completed  during  the  report  period  is  forwarded  to  the 
Manager,  JTF17  Program  Controls,  and  the  FAA. 

The  DATAMAT  Reports  will  be  updated  weekly  from  inputs  received  from 
each  project  manager  who  has  responsibility  for  the  generation  of  specific 
data  within  his  organization. 

DATAMAT  Update  Input  forms,  in  essentially  the  format  shown  in  fig¬ 
ure  4,  will  be  generated  by  an  IBM  computer  each  week  from  the  Data 
Requirements  Control,  maintained  on  the  computer,  for  those  reports  and 
data  that  are  due  for  transmittal  within  the  immediate  reporting  period. 
For  example,  a  report  due  on  10  February  1967  will  be  subject  to  an  input 
check  beginning  the  week  of  10  January  1967.  Status  checks  will  be  con¬ 
tinued  weekly  from  initiation  until  the  report  Is  submitted,  at  vrtiich 
time  it  will  be  placed  on  the  Data  Accession  List  for  the  period. 


Figure  4.  Datamat  Update  Input  Form  F  7 
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DAIAMAT  Update  Input  forms  containing  current  data  status  information 
will  be  forwarded  to  the  Data  Clerk  who  will  circulate  them  to  the  responsi¬ 
ble  JTF17  Manager.  Updated  input  forms  will  then  be  forwarded  directly 
to  Data  Computer  Control  by  the  Manager  and  the  DATAMAT  reports  will  be 
prepared. 

B.  DATA  CENTRAL  FILE 

A  Data  Central  File  will  be  established  and  located  adjacent  to  the 
Chief,  Data  Management.  It  will  provide  a  file  of  record,  on  standard- 
size  microfiche  of  all  documents  delivered  to  the  FAA  during  Phase  III. 

In  addition,  the  file  will  contain  a  reference  library,  for  the  use  of 
Pratt  &  Whitney  Aircraft  program  management,  of  related  data  and  of  data 
supplied  to  the  airframe  manufacturer  and  the  airlines  together  with  other 
data  information  required  for  managerial  control  and  presentation. 

C.  JTF17  PROGRAM  ROOM 

Program  Management  meetings  will  be  held  in  the  JTF17  Program  Room. 

Certain  charts  will  be  displayed  in  this  room  for  ready  reference  during 
the  meetings.  The  Chief,  Data  Management  and  data  files  are  planned  to 
be  adjacent,  to  this  meeting  room  to  provide  ease  of  reference. 


The  charts  intended  for  display  will  be  made  available  to  the  FM  to 
interface  with  the  FAA  Control  Room.  Th;y  include: 

1.  Chart  -  JTF17  Program  Organization 

2 .  Chart  -  Program  Management  Network 

3.  Chart  -  Master  Milestone. 

4.  Chart  -  Engine  Sectional  Breakdown 

5.  Chart  -  Work  Breakdown  Structure 

6.  Chart  -  Installation  Drawing 

These  charts  will  also  be  made  available  to  the  airframe  contractor. 
A  brief  description  of  the  contents  of  each  of  the  charts  follows: 

1.  JTF17  Program  Organization  Chart  -  This  will  provide  a  com¬ 
prehensive  organization  level  with  the  titles  and  names  of 
the  personnel  responsible  for  implementing  and  managing  the 
program.  The  chart  will  be  submitted  monthly  or  as  signifi¬ 
cant  changes  occur. 

2.  Program  Management  Network  Chart  -  This  chart  will  provide 
program  network  display  of  the  integrated  level  II  mile¬ 
stone  activities  related  to  the  work  breakdown  structure. 

One  copy  will  be  submitted  monthly  or  as  significant 
changes  occur. 

3.  Master  Milestone  Chart  -  This  chart  will  provide  management 
data,  such  as  design,  construction,  test,  etc.,  for  all 
significant  events  that  must  be  maintained  throughout  the 
Phase  III  program.  One  copy  will  be  submitted  monthly  or 
as  significant  changes  occur. 
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4.  Engine  Sectional  Breakdown  -  This  chart  will  provide  an 
isometric  sectional  pictorial  representation  of  the  JTF17 
engine.  One  copy  will  be  submitted  monthly  or  as  signifi¬ 
cant  changes  occur. 

5.  Work  Breakdown  Structure  Chart  -  This  chart  will  provide 

a  display  which  depicts  the  program  subdivisions  and  their 
interrelationships.  One  copy  will  be  submitted  monthly  or 
as  significant  changes  occur. 

6.  Installation  Drawing  -  This  chart  will  provide  a  schematic 
representation  of  the  engine/airframe  ins'-*1 ..ion  inter¬ 
faces.  One  copy  will  be  submitted  monthly  or  as  signifi¬ 
cant  changes  occur. 

In  addition  to  the  charts  in  the  JTF17  Program  Room,  Pratt  &  Whitney 
Aircraft  will  provide  the  FAA  with  copies  of  other  charts,  as  required, 
for  managerial  control  and  presentation. 

D.  TECHNICAL  ABSTRACT  BULLETIN 

The  Technical  Abstract  Bulletin  will  be  reviewed  on  a  continuous  basis 
by  the  data  management  group.  Appropriate  data  will  be  distributed  directly 
to  the  responsible  program  personnel. 


SECTION  IV 
LIBRARY 


JTF17  program  personnel  are  apprised  of  the  receipt  of  technical  and 
scientific  literature  through  the  direct  distribution  from  the  library  of 
weekly  listings  of  new  material  received  (figure  5).  The  library  issues 
three  publications  weekly:  Library  Bulletin,  Science  Contents,  and  Reports 
Received.  Any  document  listed  is  ordered  directly  by  the  individual  from 
the  library  on  the  request  form  shown  in  figure  5. 
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Figure  5.  Library  Bulletin  and  Request  Form  FD  17716 
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SECTION  V 

DATA  REQUIREMENTS  DOCUMENT 


The  Data  Requirements  Document  described  in  Appendix  A  provides  a 
listing  of  the  contractual  documentation  to  be  submitted  to  the  FAA 
during  Phase  III. 

A.  REPORTING  TO  THE  FAA 

During  Phase  III,  reports,  data  and  plans  will  be  submitted  to  the 
FAA  in  accordance  with  the  schedule  and  quantity  shown  on  the  Data  Require¬ 
ments  Document,  Appendix  A. 
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1 .  Management  Reports 

From  the  Data  Requirements  Document,  the  following  data  will  comprise 
the  management  reports  from  Pratt  &  Whitney  Aircraft  to  the  FAA.  Brief 
descriptions  are  contained  in  Appendix  A. 


Report 

Phase  III 

Submittal 

Initial 

Frequency 

Cost  Status  Report 

February  1967 

Monthly 

Schedule  Status  Report 

February  1967 

Monthly 

High  Risk  Area  Report 

February  1967 

Two  Months 

Progress  Report  Including 

March  1967 

Two  Months 

Data  Accession  List  as 

an  Appendix 

Cost  Baseline  Report 

September  1967 

Annual 

Annual  Report 

January  1967 

Annual 

Final  Report 

Phase  III 

Conclusion 

Flash  Failure  Report 

As  Generated 

Master  Program  Plan 

June  1967 

Semi-Annual 

2 .  Technical  Reports 

From  the  Data  Requirements  Document  the  following  data  will  comprise 
the  technical  reports  from  P&WA  to  the  FAA.  Brief  descriptions  are  con¬ 
tained  in  Appendix  A. 

Report  Phase  III  Submittal 

Initial  Frequency 


Model  and  Performance  Specification 
Engineering  Change  Proposal 
Data  Central  File 
Integrated  Test  Program  Update 
Subcontractor  Acceptance/ 
Qualification  Test  Report 
Engine  FTS  Test  Plan 
Final  FTS  Test  Report 
Final  Report  of  Inlet/Engine 
Compatibility  Testing 
Final  Report  of  Government 
Facility  Testing 
Final  Report  of  100-Hour 
Flight  Test 

Phases  III  and  IV  Detailed 
Test  Plans 

Engine  Status  and  Usage  Records 
Failure  and  Analysis  Report 
Engine  Installation  Manual 
Engine  Flight  Test  Report 
Data  Requirements  Document 
Control  Room  Data 


July  1967  Semi-Annual 

As  Required 

March  1967  TVo  Months 

August  1967  Monthly 

As  Generated 

Six  Months  Prior  to  Start  of  Test 
30  Days  After  Completion 
90  Days  After  Completion 

30  Days  After  Receipt  of  Data 
from  Government  Facility 
30  Days  After  Completion 

July  1967  Semi  Annual 

February  19,r7  Monthly 

As  Generated 

July  19b7  Semi-Annual 

As  Generated 

May  1967  Semi-Annual 

As  Required 
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3.  Program  Plans 

From  the  Data  Requirement  Document  the  following  data  will  comprise 
the  program  plans  from  P£WA  to  the  FAA.  Brief  descriptions  are  contained 
in  Appendix  A. 

Report  Phase  111  Submittai 


Initial 

Frequency 

Configuration  Management  Plan 

July  1967 

Semi-Annual 

including  configuration 
inspection  and  review  plan 

Detail  Work  Plan  Update 

February  1967 

As  Required 

Co^t  Control  System  Update 

February  1967 

As  Required 

Schedule  Control  System  Update 

February  1967 

As  Required 

Subcontract  Plan  Update 

April  1967 

As  Required 

Value  Engineering  Program  Update 

June  1967 

Semi-Annual 

Maintainability  Program  Update 

August  1967 

Semi-Annual 

Airline  Maintenance  Plan 

December  1969 

— 

S  .terns  Safety  and  Human 

June  1967 

Semi-Annual 

Engineerinj  Plan  Update 

Product  Support  Plan  Update 

July  1 ?S7 

Semi-Annual 

Reliability  Program  Update 

July  1967 

Semi-Annual 

Qua’ ity  Assurance  Program  Update 

August  1967 

Semi-Annual 

Facilities  Plan  Update 

July  1967 

As  Required 

Follow-On  Proposal 

Prior  to  Phase 

III  Completion 

Data  Management  Plan  Update 

May  1967 

Semi-Annuai 

Manufacturing  Program  Update 

July  1937 

Semi-Annual 

SECTION 

VI 

DATA  LIST 

Prate  &  Whitney  Aircraft  will  prepare  and  maintain 

a  Data  List  that 

will  provide  a  current  accounting  of  the  documents  generated  during  the 
Phase  III  program.  In  addition,  a  luting  is  provided  in  Appendix  B  of 
the  data  to  be  submitted  to  the  airframe  contractor  in  accordance  with 
the  requirements  of  the  negotiated  and  signed  SST  Airframe/Engine  Com¬ 
patibility  Agreement*  f~r  Phase  HI. 


SECTION  VII 
DATA  ACCESSION  LIST 


Pratt  &  Whitney  Aircraft  will  compile  a  Data  Accession  List  that 
will  provide  a  bi-raonthly  listing  of  the  documentation  completed  during 
the  reporting  period  under  the  terms  of  the  development  contract. 
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APPENDIX  B 

AIRFRAME  CONTRACTOR  DATA 


1  .  THE  BOEING  COMPANY 

Report  Initial  Frequency  Copies 

Submittal 


1.  Engine  Model  Specification 

2.  Engine  Installation  Handbook 

3.  Engine  Operating  Instructions 

4.  Preliminary  Service/Overhaul 

Manual 

5.  Spare  Parts  Catalogue 

6.  Service  Bulletins 

7.  Inspection  and  Repair/ 

Overhaul  Schedules 

8.  Engineering  Change  Proposal 

9.  Maintainability  Program  Plan 

10.  GSE  Requirements  List  for 

Line  Maintenance  and 
Shop  Maintenance 

11.  Reiiaoility  Program  Plan 

12.  Data  to  Support  Reliability 

Program  Plan 

13.  Reliability  Status  Report 

14.  Safety  Plan 

15.  Quality  Assurance  Plan 

16.  Human  Engineering  Plan 

17.  Marketing  Support  Data 

18.  AIDS  Interface  Data 


19.  P6WA  Conducted  Engine/ 
Airframe  Compatibility 
Test  Data  from  the  Inte¬ 
grated  Development  Tests 

20.  Airframe/Engine  Contractor 

Interface  Events  Progress 

21.  Engine  Calibration  Test 

Program  Procedures 


22.  Special  Problem  Area  Reports 

23.  Engine  Weight  Data 

24.  Analytical  Model  for  Engine 

Inlet  Dynamic  Studies 

25.  Safety  Failure  Mode  a».d 

Effect  Analysis 


February  1967  6  Months  2 

August  1967  3  Months*  5 

July  1968  3  Months*  5 

September  1968  3  Months*  2 

July  1969  3  Months*  2 

As  Required  5 

As  Required  2 

As  Required  2 

March  1967  6  Months  2 

July  1967  As  Required  2 

February  1967  6  Months  2 

As  Required  2 

Not  to  Exceed 
6  Months 

March  1967  Bi-Monthly  2 

February  1967  6  Months  2 

March  1967  6  Months  2 

March  1967  6  Months  2 

As  Required  2 

Bi-Monthly  2 

and/or 
Quarterly 

July  1967  Monthly  2 

As  Required  2 

Prior  to  As  Required  2 

Start  of 
'r«st  Pro¬ 
gram 

As  Required  2 

As  Required  2 

As  Required  1 

July  1967  6  Months  2 


♦Revised  more  frequently  if  required. 
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Frequency  Copies 


26. 

27. 

28. 

29. 

30. 

31 . 

32. 


33. 

2'». 

35. 


36. 


Data  Reduction  and  Data 
Analysis  Computer  Decks 
Noise  Level  Test  Data 
Reverser  Performance 
Demonstration  Documentati 
Compressor  Component  Test 
Result  Summaries 


Following  As  Required 

FTS 

As  Generated 
As  Generated 

As  Generated 


Scale  Exhaust  Noise  Sup¬ 
pression  Test  Results 

As 

Generated 

Engine  Data  for  Development 
and  Operation  for  a 

Phase  III 

As  Required 

Flight  Simulator 

Comments  on  Airframe 

Manuals  Concerning 

As  Generated 

As  Required 

Engine  Procedures 

Program  Status  Report 
Delivery  Status  Report 
Summary  of  FTS  Test 

March  1967 

June  1967 

30  Days  After 

2  Months 

As  Required 

Nczzle  Contour  Data  for 
Wing/Pod  Integration 

Completion 
February  1967 

As  Required 

Tests 


I 

i 

i 


2 

2 

1 

2 

2 

1 

2 


2.  LOCKHEED  CALIFORNIA  COMPANY 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 


n. 

12. 

13. 


Report 


an  iine  Muuei  specification 
Engine  Installation  Handbook 
Engine  Operating  Instructions 
Preliminary  Service/Overhaul 
Manual 

Spare  Parts  Catalogue 
Service  Bulletins 
Inspection  and  Repair/ 
Overhaul  Schedules 
Engineering  Change  Proposal 
Maintainability  Program  Plan 
GSE  Requirements  List  for 
Line  Maintenance  and 
Shop  Maintenance 
Reliability  Program  Plan 
Data  to  Support  Reliability 
Program  Plan 

Reliability  Status  Report 


Initial 

Submittal 

February  1967 
August  1967 
July  1968 


Frequency  Copies 


6  Months 
J  Months* 
3  Months* 


September  1968  3  Months* 


July  1969 


3  Months* 


As  Required 
As  Required 

As  Required 

March  1967  6  Months 

July  1967  As  Required 


February  1967  6  Months 

As  Required 
Not  to  exceed  6  months 
March  1967  Bi-Monthly 


2 

5 

5 

2 

2 

5 

2 

2 

2 

2 


2 

2 


♦Revised  more  frequently  if  required. 
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Report 

Initial 

Submittal 

Frequency 

Cop; 

14. 

Safety  Plan 

February  1967 

6  Mi  iths 

2 

15. 

Qual ity  Assurance  Plan 

March  1967 

6  Months 

2 

16. 

Human  Engineering  Plan 

March  1967 

6  Months 

2 

17. 

Marketing  Support  Data 

As  Required 

2 

18. 

AIDS  Interface  Data 

Bi-Monthly 

and/or 
Quarter!  y 

19. 

P&WA  Conducted  Engine/ 

July  1967 

Monthl y 

2 

Airframe  Compatibility 

Test  Data  from  the 
Integrated  Development 

Tests 

20. 

Outline  of  Engine  Development 

February  1967 

Monthly 

2 

Te^t  Program 

21 . 

Airframe/Engine  Contractor 

As  Required 

2 

Interface  Events  Progress 

22. 

Engine  Calibration  Test 

Prior  to 

As  Required 

2 

Program  Procedures 

Start  of 

Test  Pro¬ 
gram 

23. 

Special  Problem  Area 

As  Required 

2 

Reports 

24. 

Engine  Weight  Data 

As  Required 

2 

25. 

Analytical  Model  for 

As  Requ 

ired 

1 

Engine  Inlet  Dynamic 

Studies 

26. 

Safety  Failure  Mode  and 

Jul  1967 

6  Months 

2 

Effect  Analysis 

27. 

Comments  on  Airframe 

As  Generated 

As  Required 

1 

Manuals  Concerning 

Engine  Procedures 

28. 

Program  Status  Report 

March  1967 

2  Months 

2 

29. 

Delivery  Status  Report 

June  1967 

As  Required 

2 

30. 

Summary  of  FTS  Test 

30  Days 

After  Com¬ 
pletion 

3.  DESCRIPTION  OF  AIRFRAME  CONTRACTOR  DATA 

1.  Engine  Model  Specification 

(Reference  Data  Requirements  Document) 

2.  Engine  Installation  Handbook 

(Reference  Data  Requirements  Document) 

3.  Engine  Operating  Instructions 

Operating  Instructions  will  be  presented  in  the  fora  of 
a  general  engine  operating  instruct'  n  supplemented  by 
specific  JTF17  engine  operating  instructions.  This  will 
provide  the  necessary  operating  information,  procedures, 
operating  urvea,  and  engine  limits. 
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4.  Preliminary  Service/Overhaul  Manual 

The  Engine  Maintenance  Manual  covers  all  maintenance 
practices  including  servicing,  disassemble  and  assemble, 
inspection  and  repair,  and  extensive  trouh 1 e shoot i ;.g 
procedures  and  includes  an  engine  description. 

The  Engine  Overhaul  Manual  provides  engine  description 
and  instructions  for  complete  overhaul  of  the  engine 
including  teardown,  inspection,  repair  procedures, 
cleaning,  plating,  balancing,  test,  and  reassemhlv. 

5.  Spare  Parts  Catalogue 

The  Parts  Catalogue  lists  and  illustrates  the  assemblies 
and  detail  parts  that  comprise  the  JTF17  engine.  It  will 
encompass  a  numerical  parts  list  and  a  complete  assemble 
pares  list  with  indexes.  It  will  also  list  accessory 
component  vendor  equipment,  units  per  assembly  and  non* 
procurable  parts.  Service  bulletins  that  have  been 
written  and  that  3ffect  the  parts  will  be  referenced  in 
the  Parts  Catalogue. 

6.  Service  Bulletins 

Each  Engine  and  Vendor  Component  Service  Bulletin  will 
cover  planning  information,  engine  or  component  effectivity, 
reason  for  the  bulletin,  recommended  compliance,  manpowei 
requirements,  and  tooling  information  relating  to  parts. 

7.  Inspection  and  Repair/Overhaul  Schedules 

Time  schedules  ior  perfo.  ning  inspection  and  repair/overhaul 
on  FTS  engines  will  be  periouicallv  reviewed  and  as  flight 
experience  is  accumulated  will  be  updated  accordingly. 

8.  Engineering  Change  Proposal 

(Reference  Data  Requirements  Document) 

9.  Maintainability  Program  Plan 

(Reference  Data  Requirements  Document) 

10.  GSJE  Requirements  List  for  Line  Maintenance  and  Shop  ..aiutenance 
Spare  Parts  and  Gr<  id  Support  Equipment  and  Documentation 
List  for  engine  test  stand  operation  and  maintenance  will 
be  delivered  prior  to  receipt  of  the  first  engine  at  each 
test  location.  P6UA  personnel  will  be  responsible  for 
maintaining  accountability  records  and  for  issuing  and 
reordering  t*'e  required  parts  and  equipment.  They  will 
also  submit  consumption  data  whi'h  will  be  collected  and 
analyzed  by  Spare  Parts  and  CSS  personnel  at  FRDC  for 
revisions  to  provisioning  programing  as  necessary  for 
continuing  support  during  Phases  III,  IV,  and  V. 
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11.  Reliability  Program  Plan 

''Reference  Data  Requirements  Document) 

12.  Data  to  Support  Reliability  Progr.  .  Plan 

Reliability  support  data  shall  include  allocated  reliability 
values  and  documented  results  of  design  reliability  analysis. 
Sources  and  justification  of  reliability  predictive  data 
shall  be  included. 

13.  Reliability  Status  Report 

The  reliability  status  reports  will  provide  a  concise  and 
accurate  summary  of  Reliability  Program  Status,  technical 
status,  and  significant  problem  areas. 

14.  Safety  Plan 

(Reference  Data  Requirements  Document) 

15.  Quality  Assurance  Plan 

(Reference  Data  Requirements  Document) 

16.  Human  Engineering  Han 

(Reference  Data  Requirements  Documents) 

17.  Marketing  Support  Data 

To  support  this  effort,  PSWA  will  furnish  engine  related 
data  essential  for  economic  analysis  of  the  aircraft  which 
may  include  estimates  of  current  engine  development  cost 
and  engine  sales  price.  Engine  related  data  other  than 
development  cost  and  sales  price  may  include  but  will  not 
necessarily  be  limited  to  overhaul  and  line  maintenance 
facilities  and  equipment  requirements,  maintenance,  ' 

labor  and  material  costs,  and  overhaul  period  progression. 

18.  AIDS  Interface  Data 

AIDS  Interface  Data  shall  include  "out  of  tolerance" 
failure  criteria  for  each  mode  of  failure  identified  in 
the  failure  mode  and  effect  analysis;  measurement 
accuracies;  recommended  sampling  rate;  sampling  period; 
the  recommended  analytical  logic  to  be  used  in  fault 
detection,  isolation,  and  prediction;  recommendations  for 
location  of  pickup  points;  and  pertinent  information 
relating  to  failure  rate  rapidity. 

19.  P&WA  Conducted  Engine/Airframe  Compatibility  Test  Data  from  the 
Integrated  Development  Tests 

(Reference  Data  Requirements  Document) 

20.  Outline  of  Engine  Development  Test  Program 

(Reference  Data  Requirements  Document) 
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2) .  Airframe/Engine  Contractor  Interface  Events  Progress 

P&WA  will  establish  and  schedule  interface  events  with 
the  airframe  contractor  and  provide  a  status  report  of 
its  progress  towards  meeting  these  airframe/engine 
contractor  interface  events.  This  report  may  be  in 
the  form  of  a  PERT  network  of  the  applicable  airframe/ 
engine  interface  areas. 

22.  Engine  Calibration  Test  Program  Procedures 

A  technical  report  describing  in  detail  the  calibration 
procedures,  instrumentation  systems  and  accuracies,  and 
substantiating  data  relative  to  the  analysis  procedures 
employed  will  be  provided  the  airframe  contractor  for 
his  approval. 

23.  Special  Problem  Area  Reports 

(Reference  Data  Requirements  Document) 

24.  Engine  Weight  Data 

Engine  weight  breakdown,  actual  weight  data,  weight 
control  procedure,  and  a  weight  and  balance  status 
shall  be  furnished  to  the  Airframe  Contractor. 

2f).  Analytical  Model  for  Engine  Inlet  Dynamic  Studies 

A  digital  computer  program  describing  dynamic  charac¬ 
teristics  of  the  engine  and  its  associated  control 
system. 

26.  Failure  Mode  and  Effect:  Analysis 

Engine,  parts  and  components  will  undergo  a  safety  and 
failure  mode  analysis  to  ensure  that  in  case  of  failure 
an  effective  fail-safe  mode  exists. 

27.  Data  Reduction  and  Data  Analysis  Computer  Dials 

For  the  sea  level  static  and  altitude  engine  calibrations 
data  reduction  and  data  analysis  computer  decks  shall 
be  made  available  to  the  Airframe  Corn'  actor  similar  to  what 
P$WA  may  develop  for  its  own  use. 

28.  Noise  Level  Test  Data 

A  document  showing  noise  demonstration  including  a  detail 
description  of  the  acoustic  measurement  and  analysis 
system  employed  shall  be  provided  the  Airframe  Contractor. 

29.  Reverser  Performance  Demonstration  Documentation 

Test  data  documenting  the  Static  Reverser  Performance 
Demonstration  covering  the  range  of  reverse  thrust  settings 
from  idle  to  maximum  reverse  will  be  provided  to  the 
Airfratre  Contractor. 
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30.  Compressor  Component  Test  Result  Summaries 

Test  result  summaries  of  full-scale  compressor  rig  tests 
simulating  airframe  inlet  distortion  patterns  will  be 
provided  t-'  the  Airframe  Manufacturer. 

31.  Scale  Exhaust  Noise  Suppression  Test  Results 

A  test  summary  of  small-scale  exhaust  noise  suppression 
tests  to  select  promising  designs  for  further  analysis 
and  full-scale  testing  will  be  provided  the  Airframe 
Manufacturer. 

32.  Engine  Data  for  Development  and  Operation  for  a  Flight  Simulator 

Engine  data  for  the  development  and  operation  of  a  flight 
simulator  and/or  engine  simulator,  as  applicable  for  the 
SST  program,  will  be  provided  the  Airframe  Contractor. 

33.  Comments  on  Airframe  Manuals  Concerning  Engine  Procedures 

P&WA  will  review  and  comment  on  drafts  of  all  Airframe 
Contractor  Manuals  containing  engine  operating  and 
maintenance  data . 

34.  Program  Status  Report 

Progress  reports  in  a  format  to  be  es  Tlished  after 
consultation  with  the  Airframe  Manufa*.  urer  and  setting 
forth  status  of  each  item  to  be  furnished  will  be  pro¬ 
vided  by  P6WA. 

35.  Delivery  Status  Report 

Engine  delivery  status  will  be  provided  in  a  prompt 
and  timely  manner  to  the  Airframe  Manufacturer  for 
scheduling  and  planning  purposes. 

36.  Summary  of  FTS  Test  Results 

(Reference  Data  Requirements  Document) 

37.  Nozzle  Contour  Data  for  Wing/Pod  Integration  Tests 

P&WA  will  provide  the  Airframe  Contractor  with  current 
models  on  contours  for  the  engine  nozzle  and  pass  on 
information  on  any  revision  in  the  contours  at  the 
time  they  are  incorporated. 
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It  is  our  intention  in  this  part  of  the  proposal  to  highlight  signif¬ 
icant  features  of  the  purchasing  system  at  the  Florida  Research  and 
Development  Center,  to  outline  established  methodology  which  will  ensure 
the  timely  and  economical  procurement  of  hardware  having  the  requisite 
quality  sM  reliability  for  the  Phase  III  program,  and  to  present  in  a 
concise  manner  the  information  requested  in  the  Request  for  Proposal, 


The  purchasing  procedures  of  the  Florida  Research  and  Development 
Ct.iter  have  been  made  available  to  Defense  Contract  Audit  Agency  person¬ 
nel,  to  the  Naval  Plant  Branch  Representative,  and  to  other  Government 
personnel  at  our  plant.  These  procedures  will  be  made  available  to  the 
FA /  evaluation  team,  should  they  desire  to  see  them.  Therefore,  we  have 
not  presented  detailed  purchasing  procedures  in  this  report.  The  Purchasing 
Department  at  FRDC  which  will  do  the  buying  for  the  Phase  III  program,  has 
handled  the  procurement  of  more  than  $400,000,000  worth  of  material  and 
services  in  the  past  five  years.  The  greatest  part  of  this  procurement 
was  against  cost  type  contracts.  In  this  time  period,  there  have  been  no 
disallowances  because  of  improper  purchasing  procedures. 


SECTION  II 
ORGANIZATION 

Figure  I  shows  the  organization  of  the  Purchasing  Department  at  the 
Florida  Research  and  Development  Center.  The  Purchasing  Department  is 
organized  on  a  functional  basis.  Three  Assistant  Purchasing  Agents  report 
to  the  Purchasing  Manager.  Two  of  these  Assistant  Purchasing  Agents  are 
responsible  for  the  purchase  of  "product  material,"  or  finished  parts  which 
find  their  way  into  our  engines,  and  the  third  is  responsible  for  the 
purchase  of  all  nonproduct  material,  and  services.  Reporting  to  each  of 
the  Assistant  Purchasing  Agents  are  two  Chief  Buyers.  Each  Chief  Buyer 
heeds  up  a  team  of  Buyers  and  Buyer  trainees.  The  buyers,  because  of  the 
functional  alignment  of  their  duties,  are  experts  in  the  various  products 
they  buy. 

The  Purchasing  Manager  reports  directly  to  the  General  Manager  of  the 
Florida  Research  and  Development  Center.  He  also  has  direct  lines  of 
communication  with,  and  at  his  request  may  receive  the  assistance  of,  the 
Purchasing  Manager  for  Pratt  A  Whitney  Aircraft's  Connecticut  Operations. 
Close  coordination  with  the  Connecticut  Operations  has  made  available  to 
the  Florida  Research  and  Development  Center  a  greater  leverage  for  quality, 
economy,  and  timely  delivery  than  either  organization  could  comma  d  alone. 
The  relationship  of  the  Purchasing  Department  to,  and  as  a  part  of,  the 
SST  Program  is  discussed  in  Report  I  of  Volume  V  of  this  proposal. 
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Figure  1.  Purchasing  Organization 
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SECTION  III 

PURCHASING  PRODUCT  MATERIAL 

The  requirement  for  experimental  product  material  (material  to  be 
used  in  building  "experimental"  or  "development"  engines  or  hardware)  is 
established  by  an  Engineering  Order  Supplement  issued  by  the  Program 
Manager.  This  document,  which  is  general  in  nature,  is  reduced  to  specific 
part  numbers  and  quantities  by  Project  Material  Control  (PMC).  The  function 
of  PMC  is  discussed  in  detail  in  Volume  V,  Report  G,  Section  V.  Part 
numbers  and  quantities  are  either  released  to  the  shop  or  are  transmitted 
to  the  Purchasing  Department  by  Project  Material  Control  in  the  form  of 
a  Request  for  Purchase  Orde  (RP0N ,  as  dictated  by  the  established  make- 
or-buy  plan. 

The  requirement  for  delivery  prototype  engines  or  hardware  is  estab¬ 
lished  by  Delivery  Order  Supplement  issued  by  the  Program  Manager.  The 
Delivery  Order  Supplement,  like  the  Engineering  Order  Supplement,  is  very 
gf  ieral  and  is  reduced  to  specific  part  numbers  and  quantities  by  Delivery 
Material  Control  (DMC).  The  function  of  EMC  Is  discussed  in  detail  in  the 
Manufacturing  Plan.  (See  Volume  V,  Report  G,  Section  V.)  Part  numbers 
and  quantities  are  either  released  to  the  shop,  or  are  transmitted  to  the 
Purchasing  Department  by  Delivery  Material  Control  in  the  form  of  a  Request 
for  Purchase  Order,  in  accordance  with  the  established  make-or-buy  plan. 

It  v j  the  responsibility  of  PMC  or  DMC,  respectively,  to  include  on,  or  with, 
the  RPO,  all  AMS  specifications,  military  and  industrial  specifications  per¬ 
taining  to  materials,  heat  treat,  bracing,  and  welding  in  addition  to  require 
ments  for  PHJA  vendor  quality  control  coverage. 
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A.  PRODUCT  ASSURANCE  IN  PURCHASED  MATERIAL 

The  Purchasing  Department  has  the  responsibility  for  including  in 
every  order  all  of  the  product  assurance  requirements  for  the  fabrication 
of  the  part  covered  by  that  order.  They  include  quality  assurance,  reliabil¬ 
ity,  maintainability,  requirements  for  destructive  or  nondestructive  testing, 
and  the  incorporation  of  applicable  specifications.  For  all  engine  hardware, 
a  Quality  Assurance  Document  (QAD)  is  published  and  maintained  for  each  part 
number  by  the  Inspection  Methods  Group  of  Quality  Assuranc  .  The  QAD  includes 
^11  .applicable  P&WA  specifications,  Materials  Control  Laboratory  bulletins, 
Quality  Engineering  inspection  methods,  and  acceptance  standards. 

If  the  item  to  be  purchased  is  an  assembly,  the  QAD  includes  the  detailed 
part  numbers.  The  document  also  references  the  latest  engineering  change 
designations,  specifications  pertaining  to  surface  finishes,  nondestructive 
testing,  and  serial  number  marking  requirements.  The  QAD  is  made  a  part  of 
the  purchase  order  and  is  furnished  to  the  vendor,  thus  providing  him  complete 
and  accurate  information  for  all  phases  of  manufacturing,  inspection,  assem¬ 
bly,  and  test  of  the  part,  as  well  as  establishing  the  contractual  require¬ 
ments  for  those  items. 

This  technique  for  control  of  product  assurance  requirements  by  means 
of  the  QAD  has  been  used,  and  proved  very  successful,  on  the  RL10  engine 
program. 

B.  ENSURING  ON- SCHEDULE  PROCUREMENT 

As  soon  as  a  Request  for  Purchase  Order  is  received  in  the  Purchasing 
Department,  it  is  fed  into  an  automatic  follow-up  system  which  ensures  that 
the  appropriate  Chief  Buyer  will  review  it  at  seven-day  intervals  until  an 
order  is  placed.  This  system  prevents  the  delay  of  critical  procurement 
actions  through  oversight. 

Each  buyer,  having  selected  a  vendor  for  a  particular  procurement, 
is  responsible  for  having  up-to-date,  accurate  information  concerning  the 
manufacturing,  technical,  and  management  capabilities,  as  well  as  past 
performance  on  quality,  delivery,  and  cost  (when  pertinent)  of  that  vendor. 

Each  buyer  is  responsible  for  constant  follow-up  with  vendors  to 
whom  he  has  awarded  procurement  actions,  to  ensure  that  deliveries  are 
made  on  schedule.  It  is  hia  responsibility  to  notify  the  Program  Manager 
of  any  delay  as  fa;'  in  advance  of  the  time  such  delay  occurs  as  is  possible. 

Each  buyer  is  required  to  maintain  such  liaison  with  his  vendors  as 
is  required  to  ensure  that  he  is  aware  of  problems  as  they  occur,  and 
buyers,  Chief  Buyers,  and,  in  the  case  of  large  vendors,  the  Purchasing 
Manager  visit  vendors'  facilities  with  appropriate  representatives  from 
P&WA  engineering,  quality  control,  etc.,  to  assist  vendors  in  solving 
problem*  which  affect  the  vendors1  ability  to  meet  their  t  mmitments. 

C.  SELECTION  OF  TYPE  OF  CONTRACT 

Whenever  possible,  procurements  are  made  by  competitively  placed, 
firm  fixed-price  purchase  orders.  Next  in  order  of  choice  would  be  a 
firm  fixed-price  order  on  a  negotiated  basis,  in  which  case  cost  or  price 
analysis  would  t»e  used  to  determine  the  reasonableness  of  price.  We  do 
not  anticipate  an  inability  to  buy  any  engine  hardware  on  a  fixed  price 
basis. 
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D.  VENDOR  SELECTION 

Once  an  item  has  been  designated  as  a  "buy"  item,  except  for  items 
designated  "Engineering  Source  Approved"  (see  Volume  IV,  F.  port  E,  Section  I), 
vendor  selection,  as  a  matter  of  policy,  is  the  job  of  the  Purchasing 
Department.  The  tools  available  to  the  Purchasing  Department,  as  outlined 
below,  ensure  that  vendors  are  selected  objectively,  fairly,  and  with  an 
eye  to  value.  In  addition,  if  a  buyer  believes  that  an  "Engineering 
Source  Approved"  part  could  be  acquired  from  other  than  the  approved 
source,  at  less  cost,  it  is  his  responsibility  to  investigate  thoroughly 
and  furnish  the  appropriate  information,  for  decision,  to  the  Engineering 
Department. 

The  Purchasing  Department  maintains  a  list  of  vendors  who  are  qualified, 
by  reason  of  personnel,  facilities,  management,  financial  status,  delivery 
record,  quality  record,  and  other  experience,  to  perform  work  for  P&WA. 
Additions  to  this  list  of  qualified  vendors  are  made  constantly,  based  on 
investigation  of  credit  rating  and  financial  stability  and  on-site 
inspection  and  evaluation  of  facilities,  quality  assurance,  technical 
competence,  and  other  factors. 

Vendor  lists  include  qualified  vendors  which  are  small  businesses, 
and  vendors  from  surplus  labor  areas.  It  has  been,  and  continues  to  be, 
our  policy  to  place  procurements  with  such  firms  if  they  are  competitive 
in  price  and  can  meet  quality  standards  and  delivery  schedules.  An 
indication  of  the  importance  we  place  on  small  business  participation  is 
the  fact  that  our  Purchasing  Manager  is  also  the  Small  Business  Liaison 
Officer  for  the  Florida  Research  and  Development  Center. 

E.  VALUE  ANALYSIS  IN  PURCHASING 

Every  buyer  is  trained  to  act  as  a  value  analyst.  The  Purchasing 
Department  is  required  to  report  monthly  to  the  General  Manager,  bona  fide 
cost  reductions  effected  through  the  Purchasing  Department's  efforts.  These 
reports  must  be  auditable,  must  comply  with  specific  r- -es  for  cost  reduction 
reporting  established  by  Corporate  headquarters,  are  reviewed  and  approved 
by  a  committee  from  top  level  management,  and  are  reported  semiannually 
through  Corporate  headquarters  to  interested  Government  agencies.  On  the 
present  contract  between  P&MA  and  the  Government,  Contract  FA-SS-66-8,  the 
Purchasing  Department  has  effected  reportable  cost  reductions  of  more  than 
$600,000  in  the  twelve  months  ended  July  31,  1966.  The  Purchasing  Depart¬ 
ment  Includes  appropriate  Value  Engineering  Incentive  clauses  in  all 
contracts  under  Contract  FA-SS-66-8  which  exceed  $100,000  in  face  value. 

F.  SPECIAL  PATENT  PROVISIONS  AND  DATA  RIGHTS  PROVISIONS 

The  FAA  special  Patent  Clause  as  contained  in  the  Prime  Contract  is 
physically  attac’  ««?  to  and  incorporated  in  every  purchase  order  which  has 
research  and  development  as  one  of  its  purposes.  In  order  to  avoid 
inadvertent  omission  of  this  important  -requirement,  every  Request  for 
Rirchasa  Order  has  printed  on  it  the  words  "Patent  Rights  Clause  Required" 
and  a  "yes"  and  "no"  block  one  of  which  must  he  checked.  Appropriate 
"data  ri^its"  clauses  are  included  in  our  standard  purchase  order  pro¬ 
visions. 


VE-4 


Pratt  &  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

SECTION  IV 

MAKE-OR-BUY  DECISIONS 

The  make-or-buy  decision  on  major  components  (see  list  appended  to 
this  section)  is  made  by  a  panel  on  which  are  management  representatives 
of  the  Purchasing  Department,  Manufacturing,  Program  Management,  Project 
Material  Control,  and  Delivery  Material  Control.  The  make-or-buy  decision 
on  other  components  is  made  by  Project  Material  Control  and  Delivery 
Material  Control  with  assistance  as  required  from  the  various  organizational 
components  listed  above. 

Certain  parts  and  components,  by  their  nature,  may  be  categorized  as 
"mu3t  buy"  or  "must  make"  parts. 

Those  paits  which  are  "Engineering  Source  Approved"  to  an  outside 
source  must  be  purchased.  Such  parts  might  be  "Engineering  Source  Approved" 
because  manufacturing  techniques  are  so  complex  that  the  subcontractor's 
"know-how"  must  be  utilized  to  ensure  success  in  fabrication, or  facilities 
required  for  manufacture  are  only  available  at  the  designated  source,  or 
design  of  the  required  part  is  proprietary  to  the  designated  source.  Some 
parts  which  fall  into  the  "must  buy"  category  are: 

Forged  compressor  blades 
Ball  and  roller  bearings 
Certain  instrumentation 
Certain  valve  assemblies 

Similarly,  certain  parts  fall  readily  into  a  "must  make"  category. 

In  addition  to  parts  Engineering  Source  Approved  to  P&WA,  parts  might 
fall  in  this  category  because  manufacturing  development  is  required,  or 
manufacturing  techniques,  skills,  and/or  facilities  are  peculiar  to  P&WA, 
or  dimensional  tolerances  and  quality  control  are  of  critical  importance. 

Some  representative  "must  make"  parts  are: 

Vane  and  shroud  assemblies 

Major  welded  assemblies 

Annular  burners 

Compressor  and  turbine  disks 

Compressor  and  turbine  shafts 

Gearbox  housing 

Turbine  blades  and  vanes 

It  is,  thus,  on  the  balance  of  parts  that  a  "make-buy"  decision  must 
be  made.  The  prime  consideration  in  the  "make-buy"  decision  is  value. 

Optimum  value  results  when  the  decision  provides  parts  of  the  requisite 
quality,  on  time,  and  at  the  lowest  cost.  When  there  is  no  decision  which 
will  provide  "optimum  value,"  the  compromise  must  be  made  in  reverse  order; 
i.e.,  cost  must  be  compromised  before  schedule  or  quality  can  be  affected. 
Obviously,  no  matter  how  cheap,  a  part  which  does  not  have  the  reouisite 
quality  is  a  waste  of  money.  Similarly,  a  delay  in  the  whole  program 
caused  by  the  lack  of  a  part  can  be  far  more  costly  than  the  part  Itself, 
even  if  we  must  pay  a  premium  for  on-time  delivery. 
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Table  1  Indicates  the  make-buy  decision  on  major  components  and  parts 
for  the  Phase  111  JTF17  engine  development  program  and  provides,  for  each 
"buy"  part  or  component,  a  list  of  possible  vendors.  Selection  of  actual 
vendors  is  scheduled  early  in  the  Phase  III  program,  and  the  Make-Buy  Plan 
will  be  revised  as  provided  in  the  Phase  III  contract. 

Table  1.  Make-Buy  Plan 
Phase  III 

JTF17  Engine  Development  Program 


Item 

Make-Buy  Decision* 
Development  Prototype 

Potential  Supplier** 

Forged 

Airfoils 

Buy 

Buy 

TRW,  Ex-Cell-0 

Cast 

Airfoils 

Buy 

Buy 

Misco,  Martin  Metals,  TRW 

Fuel 

Controls 

Buy 

Buy 

Bendix,  South  Bend; 

Hamilton  Standard 

Main 

Fuel  Pump 

Buy 

Buy 

Bendix,  Utica;  Chandler  Evans, 
Inc.;  Hamilton  Standard;  TRW; 
Vickers 

Hydraulic 

Pump 

Buy 

Buy 

Bendix,  Utica;  Chandler  Evans, 
Inc.;  Hamilton  Standard;  TRW; 
Vickers 

Ignition 

System 

Buy 

Buy 

Bendix,  Scintilla;  General 
Laboratory  Associates 

Bearings 

Buy 

Buy 

Fafnir  Bearing  Co.;  Heim; 

Marlin  Rockwell;  Bower 

Roller  Bearing;  SKF  Industries 

Valve 

Assemblies 

Buy 

Buy 

ABA  Tool  &  Die;  Bachan,  Detroit; 
Dexter  Tool  Co.;  Delavan  Mfg.  Co 
Florida  Tool  and  Gage;  Mai  Tool; 
Hamilton  Standard;  Ivashuk  Manu¬ 
facturing;  Norwood  Precision; 
Parker  Hannifin;  TRW;  Vickers, 
Inc.;  Valcor  Engineering 

Standard 

Parts 

Buy 

Buy 

Accurate  Threaded  Products; 
Camcar  Screw;  Elastic  Stop  Nut; 
Standard  Pressed  Steel;  Valeo 

Machine  Company;  Rosan,  Inc.; 
Products  Design  &  Mfg. ; 
Vol-Shan  Manufacturing 
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Table  1.  Make-Buy  Plan 
Phase  III 

JTF17  Engine  Development  Program 
(Continued) 

Make -Buy  Decision* 

Development  Prototype  Potential  Supplier** 


Bar,  Sheet, 
Tubing 

Buy 

Buy 

Stellite  Division;  Universal 
Cyclops;  Atlantic  Steel;  Alvac 
Metals;  Titanium  Metals;  Eastern 
Stainless;  Jenks  Metals; 
Huntington  Alloy;  DuPont; 

J.  M,  Tull;  Superior  Tube 

Castings 

Buy 

Buy 

TRW  Metals;  Arvood;  Misco; 

Martin  Metals;  Stellite  Div. 

Forgings 

Buy 

Buy 

McWilliams  Forge,  Transue 
Williams,  J.  H,  Williams,  Moore 
Drop,  Steel  Improvement  &  Forge 
Co.,  Storms  Drop  Forge,  Ladish, 
Wyman-Gordon,  Cameron  Iron 

Works,  Taylor  Forge  &  Pipe 

Works,  American  Welding, 
Baldwin-Lima-Hamilton 

Major 

Fabrications 

Make  and 
Buy 

Make  and 
Buy 

B.  H.  Aircraft,  Bliss-Portland, 
Hoosier  Metal  Fabricators, 
Precision  Sheet  Metal,  Saffran 
Engineering,  Smith-Morris, 

Solar,  TRW 

Liners 

Make  and 
Buy 

Make  and 
Buy 

B.  H.  Aircraft;  Bliss-Portland; 
Precision  Sheet  Metal;  Hoosier 
Metal  Fabricators;  Smith-Morris 
Corporation;  Solar 

Machined 

Airfoils 

Make  and 
Buy 

Buy 

Arnco  Manufacturing,  Inc.; 

Mai  Tool  and  Engineering  Co. ; 

TRW,  Inc. 

Compressor 

Discs  and  Bubs 

Make  and 
Buy 

Make  and 
Buy 

Atlantic  Machine  Tool  Works,  Inc. 
Ex-Cell-0  Corporation;  Mai  Tool 
and  Engineering  Co.;  Machinery 
Builders,  Inc.;  TRW,  Inc. 

Minor 

Fabrications 

Make  and 

Buy 

Make  and 
Buy 

B.  H.  Aircraft  Co.,  Inc.; 

Bachan  Manufacturing  Co.,  Inc.; 
Ivathuk  Manufacturing;  Thermo 

Industries;  Hoosier  Metal 
Fabricators;  Midway  Company; 
Saffrait  Engineering;  Smith-Morris 
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Table  1.  Make-Buy  Plan 
Phase  III 

JTFI7  Engine  Development  Program 
(Continued) 


Make-Buy  Decision* 


Item 

Development 

Prototype 

Potential  Supplier** 

Burners 

Make  and 
Buy 

Make  and 
Buy 

Solar,  TRW,  Hoosier  Metal 
Fabricators,  Bliss-Portland 

Interstage 

Seals,  Spacers, 
Dampeners 

Make  and 
Buy 

Make  and 
Buy 

Amcr  Manufacturing;  ABA  Tool 
&  Die;  Atlantic  Machine;  Bachan 
Manufacturing;  Caval  Too 1  & 
Machine;  Machinery  Builders, 

Inc.;  TRW 

Turbine  Vanes 
and  Blades 
(Machining  and 
Fabrication) 

Make  and 
Buy 

Make  and 
Buy 

LaPointe,  TRW,  Mai  Tool, 

Ex-Cell-0  Corporation 

Turbine 

Shafts 

Buy 

Buy 

Machinery  Builders,  Inc.;  Mai 

Tool;  Atlantic  Machine;  Ex-Cell-O; 
TRW;  20th  Century 

Housings, 

Seals,  Shafts, 
Bosses,  Fittings, 
Spray  &arB, 

Flaps,  Actuators 
Small  Hardvara 

Make  and 
Buy 

Buy 

Bachan  Manufacturing;  Bliss 
Portland;  Florida  Tool  &  Gage; 
Hoosier  Metal  Fabricators; 
Machinery  Builders;  Smith-Morris; 
Solar;  TRW;  United  Tool  &  Die; 
Atlantic  Machine;  Caval  Tool  & 
Machine;  Baxter  Tool;  Norwood 
Precision;  Ex-Cell-O;  Gaylord 
Engineering;  Ivashuk  Manufactur¬ 
ing;  Kaco,  Inc.;  Mai  Tool; 

Parker  Hannifin 

Stator 

Assemblies 

Malta  and 
Buy 

Buy 

TRW,  Solar,  Hooeier  Metal, 
Machinery  Builder* 

Turbina 

Dlaka  and  Hubs 

Make  and 
Buy 

Make  and 

Buv 

Atlantic  Machine,  TRW, 

Mai  Tool,  Ex-Call-0 

Brackata  & 

Small 

Shaat  Metal 

Malta  and 
Buy 

Make  and 
Buy 

ABA  Tool  &  Die,  Bachan 
Manufacturing  Federal  Stampings, 
Eaarbe  Manufacturing,  Gaylord 

Engineering,  Hoosier  Maul 
Fabricators,  Ivathuk  Maaifec curing. 
Smith -Morris ,  Thermo  Industries, 
Florida  Tool  &  Gaga 
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Table  1.  Make -Buy  Plan 
Phase  III 

JTF17  Engine  Development  Program 
(Continued) 


Make -Buy  Decision* 

Item  Development  Prototype  Potential  Supplier** 

Plumbing  Make  and  Make  and  Aeroquip  Corp.,  Alcap  Ilanufac- 

Buy  Buy  turing,  Kreisler  Industrial, 

Thermo  Industries,  Precision 
Sheet  Metal,  Stainless  Steel 
Products,  Tube  Processing, 

Tube  Bends 

Aero  Gear,  Arrow  Gear, 

Equitable  Engineering,  Mai  Tool, 
Norwood  Precision  Products, 

Don  Prior,  Inc.,  Vinco 


*  For  percentage  split  between  raake-buy  decisions  which  are  both  make  and 
buy,  see  Manufacturing  Plan,  Report  G,  Volume  V. 

**See  attached  list  for  addresses  of  sources 


Actual  and  Potential  Subcontract  Sources  for  Product 

ABA  Tool  &  Die  Co.,  Inc.  of  Florida  Bliss  Portland 

St.  Petersburg,  Florida  33708  South  Portland,  Maine  04106 

The  Accurate  Threaded  Products  Co.  Bower  Roller  Bearing  Division 

Newington,  Connecticut  06111  Detroit,  Michigan  43214 

Aero  Gear  Machine  and  Tool  Corp,  Caacar  Screw  and  Mfg.  Company 

Little  Ferry,  New  Jersey  076^3  Rockford,  Illinois  61101 

Aeroquip  Corp.,  haraan  Division  Cameron  Iron  Works,  Inc. 

Los  Angeles,  California  90064  Houston  1,  Texas  77001 

Alcap  Manufacturing  Co.,  Inc.  The  Caval  Tool  &  Machine  Co.,  Inc. 

Middletown,  Connecticut  06457  Newington  11,  Connecticut  06111 

Anco  Manufacturing,  Inc.  Champion  Spark  Plug  Company 

Warehouse  Point,  Connecticut  06088  Toledo,  Ohio  43601 

The  American  Welding  &  Mfg.  Co.  Chandler  Evans,  Inc, 

Warren,  Ohio  44484  West  Hartford.  Connecticut  G6101 

Arrow  Gear  Company  De lavas  Manufacturing  Company 

Downers  Grove,  Illinois  60S15  West  Des  Moines,  Iowa  50265 
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Actual  and  Potential  Subcontract  Sources  for  Product  (Continued) 


Atlantic  Machine  Tool  Works,  Inc. 
Newington,  Connecticut  06111 

B.  H.  Aircraft  Co.,  Inc. 
Farmingdale,  L.  I.,  N.  Y.  11738 

Bachan  Manufacturing  Co.,  Inc. 
Pompano  Beach,  Florida  33060 

Bachan  Mfg.  Company,  Inc. 

Madison  Heights,  Michigan  48071 

Baldwin-Lima-Hamilton  Corporation 
New  York,  New  York  10017 

The  Bendix  Corporation 
Bendix  Filter  Division 
Madison  Heights,  Michigan 

The  Bendix  Corporation 

Bendix  Products  Aerospace  Division 

South  Bend  2,  Indiana 

The  Bendix  Corporation 
Scintilla  Division 
Sidney,  New  York  13838 

The  Bendix  Corporation 
Utica  Division 
Uitca,  Nev  York  13503 


Ex-Cell -0  Corporation 

Blai  Mountain,  North  Carolina  28711 

Fafnlr  Bearing  Company 
New  Britain,  Connecticut 

Federal  Stampings 

St.  Petersburg,  Florida  33710 

Ferrotherm  Company 
Cleveland,  Ohio  44125 

Flor.da  Tool  &  Gaga,  Inc. 

Fort  Lauderdale,  Florida  33314 

Gaylord  Engineering  &  Machine,  Inc. 
Lake  Worth,  Florida 


Delaware  Alloy  Forge  Company 
Philadelphia,  Pennsylvania  19134 

Dexter  Tool  Company 
Warren,  Michigan  48091 

Dexter  Tool  Company 

w.^t  Palm  Beach,  Florida  33407 

Dynamic  Filters  Division 
Detroit  38,  Michigan  48238 

Eastern  Tool  and  Die,  Inc. 
Newington,  Connecticut  06111 

Elastic  Stop  Nut  Corp.  of  America 
Union,  New  Jersey 


Englehard  Industries,  Inc. 
Instruments  and  Systems  Division 
East  Newark,  New  Jersey  07104 

Equitable  Engineering  Company 
Royal  Oak,  Michigan  48073 


Esarbe  Manufacturing  Co.,  Inc. 
Fort  Lauderdale,  Florida 

Ex-Cell-0  Corporation 
5835  M^tin  Avert  ;e 
Detroit,  Michigan  48232 

Kreisler  Industrial  Corporation 
East  Paterson,  New  Jersey 

Ladish  Company 
Cudahy,  Wisconsin  53110 

Machinery  Builders,  Inc. 

New  York  51,  New  York 

Mai  Tool  and  Engineering  Company 
West  Palm  Beach,  Florida  33406 

Marlln-Rockwell  Company 
Jamestown,  New  York  14701 

Martin  Metals  Company 
Wheeling,  Illinois  60090 
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Actual  and  Potential  Subcontract  Sources  for  Product  (Continued) 


General  Laboratory  Associates,  Inc. 
Norwich,  New  York 

General  Manufacturing,  Inc. 

Fort  Lauderdale,  Florida  33312 

hamilton  Standard 

Division  United  Aircraft  Corp. 

Windsor  Locks,  Connecticut 

Harco  Laboratories,  Inc. 

Branford,  Connecticut  06406 

Heintz 

Philadelphia  20,  Pennsylvania 

Holley  Carburetor  Company 
Warren,  Michigan 

Honeywell,  Inc. 

Minneapolis,  Minnesota 

Hoosier  Metal  Fabricators,  Inc. 

Gas  City,  Indiana  46933 

Industrial  Precision  Products,  Inc. 
Fort  Lauderdale,  Florida  33312 

Ivashuk  Manufacturing  Corp. 

Pompano  Beach,  Florida  33060 

Jervis  Corporation 
Grandville,  Michigan  49418 

Keco,  Inc. 

Pompano  Beach ,  Florida 

King  Fifth  Wheel  Company 
Wilkes-Barre,  Pennsylvania  18703 

Revere  Corporation  of  America,  Inc. 
Wallingford,  Connecticut 


Mclnnes  Steel  Company 
Corry,  Pennsylvania  16407 

McWilliams  Forge  Company,  Inc. 
Rockaway,  New  Jersey  07866 


Midway  Company 
Lodi,  New  Jersey  07644 

Misco,  Div.  of  Howmet  Corporation 
Muskegon,  Michigan  49440 

Monroe  Forgings,  Inc. 

Rochester,  New  York  14603 

Multi-Techniques  Company 
Lake  Worth,  Florida  33460 

National  Water  Lift  Company 
Kalamazoo,  Michigan 

Norwood  Precision  Products,  Inc, 
Melvlndale,  Michigan  48122 

Parker  Hannifin  Corporation 
Cleveland  12,  Ohio  44112 

Precision  Sheet  Metal,  Inc. 

Los  Angeles,  California  90045 

Don  Prior,  Inc. 

Oak  Park,  Michigan  48.337 


Products  Design  &  Mfg.  Corporation 
Newington,  Connecticut  06111 

Tube  Bends,  Inc. 

New  Britain,  Connecticut 

Tube  Processing  Corporation 
Indianapolis,  Indiana  46203 


Rosan,  Inc. 

Newport  Beach,  California 

Saf f ran  Engineering  Company 
St,  Claire  Shores,  Michigan 

Schwartz  Boring  Company,  Inc. 
Detroit,  Michigan 


20th  Century  Machine  Company 
Utica,  Michigan  48087 
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Actual  and  Potential  Subcontract 

SKF  Industries,  Inc. 

Philadelphia  32,  Pennsylvania 

Smith  Bearing  Division  of 
Accurate  Bushing  Company 
Garwood,  New  Jersey 

Smith  Morris  Corporation 
Ferndale  20,  Michigan 

Solar 

San  Diego,  California  92112 

Stainless  Steel  Products,  Inc. 
Burbank,  California 


Standard  Pressed  Steel  Company 
Jenkintown,  Pennsylvania 

Star  Tool  and  Die  Works,  Inc. 
Detroit,  Michigan  48216 

Sterling  Engineering  Corporation 
Wins ted,  Connecticut 


Sources  for  Product  (Continued) 

The  United  Tool  &  Die  Company 
West  Hartford  10,  Connecticut 

The  Heim  Universal  Corporation 
Fairfield,  Connecticut  06430 


The  Valeo  Machine  Company 
Bloomfield,  Connecticut 

Valcor  Engineering  Corporation 
Kenilworth,  New  Jersey 

Vicaers,  Inc. 

Administration  &  Engineering  Center 
Troy,  Michigan  48084 

Vinco  Corporation 
Detroit,  Michigan  48228 

Voi-Shan  Manufacturing  Company 
Culver  City,  California 

Westport  Development  &  Mfg.  Co..  Inc. 
Milford,  Connecticut 


Taylor-Forge  and  Pipe  Works 
Chicago  90,  Illinois  60690 

Thermo  Industries,  Inc. 

Boca  Raton,  Florida 

TRW  Metals  Division 
TRW,  Inc. 

Minerva,  Ohio  44657 

TRW  Jet  &  Ordnance  Division 
TRW,  Inc. 

Cleveland,  Ohio  44117 

TRW  Equipment  Group 
TRW,  Inc. 

Cleveland,  Ohio  44117 

E.  I.  DuPont  DeNemours  &  Co.,  Inc. 
Metal  Prod.  Marketing 
Wilmington,  Delaware 


Whittaker  Corporation 
Chatsworth,  California  91311 

Wyman  Gordon  Company 
Worcester  1,  Massachusetts 

Arwood  Corporation 
New  York,  New  York  10022 


Atlantic  Steel  Service  Center 
Orlando,  Florida  32806 


Baldwin-Lima-Hamilton  Corporation 
New  York,  New  York  10017 


Universal  Cyclops  Specialty  Steel  Div. 
Bridgeville,  Pennsylvania  15017 


Eastern  Stainless  Steels  Corporation  J.  H.  Williams  and  Company 
Baltimore,  Maryland  Buffalo  7,  New  York 
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Actual  and  Potential  Subcontract  Sources  for  Product  (Continued) 

Huntington  Alloy  Products  Division 
Huntington,  West  Virginia 

Jenks  Metals  Co.,  Inc.  of  Miami 
Miami,  Florida  33148 

McWilliams  Forge  Company,  Inc. 

Rockaway,  New  Jersey  07866 

Moore  Drop  Forging  Company 
Springfield  7,  Massachusetts 

Steel  Improvement  and  Forge  Company 
Cleveland  3,  Ohio 

Storms  Drop  Forging  Company 
Springfield,  Massachusetts  01101 

Superior  lube  Company 
Norristown,  Pennsylvania 

Titanium  Metals  Corp.  of  America 
West  Caldwell,  New  Jersey 

Transue  &  Williams  Steel  Forging  Corp. 

Alliance,  Ohio  44601 

J.  M.  Tull  Metals  Company,  Inc. 

Miami,  Florida 

Union  Carbide  Corporation 
Stellite  Division 
Kokomo,  Indiana  46901 
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REPORT  F 

COST  AND  SCHEDULE  CONTROL  PROGRAM 

SECTION  I 
INTRODUCTION 


This  section  will  describe  the  Cost  and  Schedule  Controls  Systems 
that  are  now  effectively  operating  at  Pratt  &  Whitney  Aircraft's  Florida 
Research  and  Development  Center  and  will  illustrate  how  the  SST  Phase  III 
Program  requirements  will  be  met  by  utilization  of  these  control  systems. 
The  guidance  provided  in  Exhibit  3G  of  the  Request  for  Proposal  has  been 
used  in  the  plan's  preparation.  Paragraph  A  contains  the  "Cost  Control 
System,"  and  Section  B  the  "Schedule  Control  System."  These  control 
systems  will  be  resubmitted  in  February  1967  as  required  by  the  Request 
for  Proposal  Data  List,  Exhibit  3H,  and  will  be  updated  periodically 
during  the  program  as  changes  affecting  them  occur. 
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SECTION  II 

COST  PLANNING  AND  CONTROL  SYSTEM 

A.  ORGANIZATION  AND  RESPONSIBILITIES 

The  JTF17  Program  Manager  will  be  responsible  for  planning  and  con¬ 
trolling  all  program  costs.  He  has  monitored  the  proposal  preparation 
and  will  be  a  principal  member  of  the  company  negotiating  team  prior  to 
contract  award  when  estimated  program  costs  are  firmly  established. 
Representing  the  General  Manager,  he  will  have  ft’1 1  authority  in  directing 
the  program  effort  over  functional  lines.  He  will  be  responsible  for 
keeping  the  Federal  Aviation  Agency  and  the  General  Manager  abreast  of 
actual  versus  planned  progress  for  the  JTF17  engine  program  with  explana¬ 
tions  and  justifications  for  any  variances.  As  shown  on  the  organization 
chart  "Program  Controls,"  Volume  V,  Report  I,  of  this  proposal,  the 
Program  Controls  Group  and  the  Project  Cost  Control  Centers  are  coordinated 
by  the  Manager,  Program  Controls,  who  reports  to  the  JTF17  Program  Manager. 
They  will  perform  the  planning  and  control  effort  necessary  to  assure  that 
a  well -managed  program  results. 

Upon  receipt  of  a  contract,  in  this  case  for  the  Phase  III  SST  Program, 
the  Manager,  Program  Controls,  the  Project  Cost  Control  Center,  and  the 
Program  Manager  establish  the  budgets  for  the  functional  groups  based  on 
the  estimates  that  these  groups  have  made  for  the  work  planned  under  the 
program.  These  operating  departments  are  responsible  for  performing  their 
assigned  tasks,  as  specified,  on  schedule  and  within  budget.  Each 
operating  department  has  a  functional  Cost  Control  Center  which  is  respons¬ 
ible  for  keeping  the  cognizant  Project  Manager's  Cost  Control  Center 
informed  of  the  status  of  all  actual  and  forecast  expenditures  and 
commitments  as  related  to  their  budgeted  tasks.  The  Department  Controller's 
organization  ia  responsible  for  collecting  the  costs  according  to  the 
planned  Work  Breakdown  Structure,  promptly  feeding  back  the  result?:  to  the 
Program  Manager  and  his  Cost  Control  Center  to  the  Cost  Control  Centers  in 
the  functional  departments.  The  Department  Controller  also  issues  the 
contractually  required  financial  reports  to  the  Customer  after  review  and 
approval  by  the  Program  Manager. 

The  mechanics  of  operation  of  the  Cost  Planning  and  Control  System, 
the  means  of  controlling  direct  and  indirect  costs,  and  the  integration 
of  the  Phase  III  SST  Program  Into  the  Pratt  &  Whitney  Aircraft's  Florida 
Research  and  Development  Center  Cost  Control  System  are  explained  in  this 
plan.  The  estimating  procedures  and  practices  utilised  in  the  preparation 
of  proposals  and  forecasts  are  also  discussed.  The  complete  planning  and 
control  cycle  is  graphically  outlined  in  figure  1. 

B.  PROGRAM  OBJECTIVES 

The  over-all  Phase  III  program  objectives  are  as  follows: 

Development  of  the  JTF17A-21  engine  through  FTS 

Deliver  ground  and  flight  FTS  engines 

Support  the  aircraft  100  hour  flight  teat  program. 
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C.  DEVELOPING  COST  ESTIMATES 

1.  Establishment  of  Program  Requirements 

The  Program  Manager  Is  responsible  for  outlining  the  scope  of  the 
contract  and  for  defining  the  work  to  be  performed  in  attaining  the 
program  goals  (as  defined  in  paragraph  B  above),  as  follows: 

1.  Establishing  engine  performance,  sine,  and  weight  objectives 
based  on  known  Customer  requirements  and  the  results  of 
preliminary  systems  analyses 

2.  Evaluating  the  relative  complexity  of  the  proposed  program 
with  past  programs  and  anticipating  major  problems  involved 
in  meeting  the  program  objectives 

3.  Setting  forth  the  general  time  phased  schedule  to  completion 
covering  major  events  within  the  contract 

4.  Dividing  the  various  tasks  into  major  measurable  work  areas 
that  become  the  Work  Statement  items  of  the  contract. 

2.  Program  Planning 

The  Program  Manager  and  his  assigned  personnel  then  develop  a  work 
plan  which  starts  with  the  work  statement  items  and  further  subdivides 
them  into  detailed  work  items  which  Include  the  following: 

1.  An  outline  of  the  development  tasks  to  be  performed  for 
components  and  compete  engine. 

2.  A  list  of  the  types  of  parts  and  components  that  will  be 
subject  to  design  effort. 

3.  A  schedule  of  development  testing  of  the  components  and 
complete  engine.  The  schedule  includes  types  of  tests  Co 
be  performed,  number  of  tests,  and  anticipated  running 
hours  of  test,  as  well  as  test  stand  locations,  modifica¬ 
tions,  and  construction  requirements. 

4.  A  list  of  the  types  and  quantities  of  hardware  requirements 
to  support  development  testing  of  the  engine  and  engine 
components. 

5.  A  list  of  deliverable  end-items  with  time  schedules 
compatibls  with  contract  requirements. 

6.  Product  support  requirements. 
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3.  Cost  Estimating  and  Pricing 

The  detailed  work  plan  is  forwarded  to  the  functional  areas  where 
the  departmental  cost  groups,  in  conjunction  with  the  department 
supervisors,  determine  the  amount  of  man-hour  effort  and  material 
required  to  support  the  program  and  assure  accomplishment  of  program 
objectives.  These  departmental  groups  include  Design,  Construction, 

Assembly,  Quality,  and  Test. 

Extensive  use  is  made  of  historical  cost  data  from  previous  related 
programs  or  technology.  In  addition,  a  considerable  core  of  historical 
cost  ratios  and  relationships  has  been  developed  in  all  functional  areas 
in  a  continuing  effort  to  improve  on  our  estimating  ability. 

The  Construction  Manufacturing  Cost  Center  obtains  estimated  material 
and  shop  labor  costs  for  all  hardware  to  support  the  development  program. 

A  mechanised  historical  price  file  for  all  experimental  hardware  is 
maintained.  Wherever  possible,  the  estimated  cost  of  engine  or  component 
parts  is  based  on  actual  known  cost  of  similar  parts.  Where  historical 
cost  data  is  not  available,  engineering  judgment  is  applied  in  the  form 
of  a  complexity  factor  to  represent  the  difference  between  a  known  part 
and  the  proposed  part.  Where  no  similar  parts  have  been  made  in  the 
past,  hardware  costs  are  obtained  from  estimates  by  manufacturing 
planning  groups,  or  estimates  *rom  potential  vendors  obtained  through 
the  Purchasing  Department. 

The  Department  Controller  has  the  responsibility  for  verifying 
material  values  used  on  all  tasks  and  for  extending  all  estimated  labor 
hours  by  applying  anticipated  hourly  rates.  Therefore,  the  Accounting 
Department  Pricing  Group  works  closely  with  the  departmental  cost  centers 
in  developing  their  estimates  and  assessing  the  estimates  for  reasonability, 
completeness,  and  agreement  with  program  requirements  and  accounting 
records.  The  Pricing  group  compiles  the  final  cost  estimate  in  the 
formats  required  by  the  customer  and  applies  the  appropriate  overhead 
and  general  and  administrative  expenses  to  arrive  at  a  total  estimated 
cost. 

4.  Coat  Reviews  snd  Approvals 

The  completed  coat  estiautes  sra  reviewed  and  approved  by  the  func¬ 
tional  departamnt  heads  and  than  reviewed  and  approved  in  turn  by  the  Project 
Coat  Centera,  the  Program  Manager,  and  the  General  Manager.  Estimates  art 
returned  to  the  Cost  Canters  for  revision  during  these  reviews  if  the 
reviewers  consider  them  inaccurate  or  Inconsistent  with  program  objectives. 

This  is  th«  cost  estimating  system  which  produced  the  SSI  Phase  III 
cost  proposal  and  tta  related  support  data,  as  presented  in  Volume  VI, 

Section  III. 

d.  xRXTunov  or  ns  program 

Upon  receipt  of  the  negotiated  contract  for  Phase  XXI,  the  Department 
Counsel,  Contracts,  will  release  copies  to  the  General  Manager,  Program 
Manager,  and  operating  dsperenant  heads.  The  Engineering  Manager ' s  office 
will  lamed lately  prepare  an  Engineering  Order  for  approval  by  the  General 
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Manager  which  is  the  internal  document  authorizing  the  start  of  engineering 
work  on  the  program.  In  a  rapid  succession  of  events,  with  most  of  the 
preparations  having  been  made  in  advance,  budgets  and  corresponding  cost 
control  numbers  will  be  assigned  to  tasks  of  the  Work  Breakdown  Structure 
by  the  Project  Cost  Control  Group,  Separate  Engineering  Order  Supplements 
(EOS's)  will  be  prepared  by  the  respective  Project  Engineers,  describing 
the  effort  required  by  each  functional  department  to  achieve  the  detailed 
task.  The  Manager  of  Product  Support  and  the  Manager  of  Engine  Delivery, 
along  with  their  staffs,  will  prepare  Delivery  Order  Supplements  (DOS's) 
which  define  the  deliverable  end-items  called  for  in  the  contract 
statement  of  work.  These  will  also  define  responsibilities  and  schedules 
to  be  maintained.  Upon  approval  of  initial  supplements  by  the  Program 
Manager,  the  SST  engine  Phase  III  program  will  commence. 


E.  COST  SEGREGATION  AND  BUDGET  DETERMINATION 

1.  Work  Package  Authorizations 

Engineering  work  to  be  performed  by  the  functional  departments  at  the 
Florida  Research  and  Development  Center  or  at  Connecticut  Operations  is 
authorized  by  the  Project  Engineer  assigned  to  the  program.  The  vehicle 
through  which  these  tasks  are  defined  is  called  the  Engineering  Order 
Supplement  (EOS).  The  EOS  not  only  defines  the  task  but  also  assigns 
the  responsibility  for  specific  functions  and  establishes  a  budget. 

The  EOS  in  general  constitutes  the  official  communication  link  between 
program  development  management  and  the  operating  groups.  The  EOS  is  an 
integral  part  of  our  coat  control  system  and  must  be  issued  before  any 
coats  may  be  incurred  on  any  project.  The  Project  Engineers  utilize  the 
EOS  to  establish  separate  work  packages  which  identify  tonrecurring  costs 
from  recurring  costs  (such  as  special  test  equipment  and  subcontractor 
costs  for  component  development  programs). 

In  a  similar  manner,  a  Delivery  Order  Supplement  (DOS),  issued  by 
the  Manager  of  Product  Support  or  the  Manager  of  Engine  Delivery,  provides 
the  direction  to  functional  groups  to  initiate  activities  toward  procure¬ 
ment  and/or  manufacture  of  the  required  deliverable  items. 

2.  Budgets  (Direct) 

The  Project  Coat  Control  Group  assista  the  Project  Engineers  (or 
Managers)  in  providing  estimated  costs  for  each  EOS  (or  DOS)  ?s  it  is 
written.  These  costs  become  tho  direct  labor  end/or  material  budgets 
for  the  specific  functions!  areas  involved.  Esch  EOS  (or  DOS)  also 
contains  the  coded  cost  control  charge  number  to  be  u&ed  for  cost 
accumulation.  It  is  through  this  method  that  actual  costs  are  compared 
with  targeted  costs  in  the  feedback,  control,  and  reporting  tystem  to 
be  dlscuased  in  paragraph  7. 

The  Project  Cost  Control  Center  prepares  the  direct  labor  and 
material  dollar  budgets  for  each  departmental  coat  control  center. 

The  departsNntal  cost  control  centers  then  distribute  the  work  to  be 
performed.  In  manufacturing  and  testing  work  is  Initiated  through  an 
internal  Work  Order  system.  Bach  Work  Order  identifies  the  Job,  such 
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at  manufacturing  a  part  or  running  a  component  test,  as  well  as  the 
sourc  EOS  (or  DOS),  work  statement,  and  contract.  Th»se  Work  Orders 
in  effect  become  lower  tier  cost  measurement  and  internal  control  devices, 
in  addition  to  serving  as  a  source  of  future  estimating  data  substantia¬ 
tion. 


3*  Cost  Control  Account  Number  System 

The  direct-cost  control  account  numbers,  specified  in  each  EOS  (or 
DOS)  as  issued,  contain  a  coding  system  which  lends  Itself  to  identifica¬ 
tion,  reporting,  and  control  of  four  levels  of  work  packages. 


The  cost  control  number  contains  eleven  digits  with  field  grouping 
as  follows: 


(1)  (2) 

.XXjOL  .XX. 

Program1  Identi f tea t ion  1 

Level  III  Work  Statement 


(3) 

xrx 


Level  IV  Work  Package  Serial  Number 


(4) 


Engine  Section 


1.  Program  Identification  -  The  first  three  digits  represent 
a  specific  project  or  contract.  The  fourth  digit  is  the 
location  of  the  cost  function  code  which  broadly  relates 
the  cost  to  the  Pratt  &  Whitney  Aircraft  organization 
structure.  The  codes  currently  used  are: 


1  -  Design 

2  -  Construction 

3  -  Test 

4  -  Quality  Assurance 

5  -  Toe  og 

6  •  Assembly 

8  -  Engineering 

9  -  Raw  Materiel 


2.  Level  III  Work  Statement  -  This  follows  the  contractual 
definition  of  work  to  be  performed. 

3.  Work  Peckage  Serial  Numbers  -  The  Engineering  Order 
Supplements  (or  delivery  Order  Supplements)  are  issued 
with  definitions  and  assignments  aimed  at  this  level  of 
detail. 

4.  Engine  Section  -  Ibis  section  permits  Idanti float ton  of 
major  engine  sections  or  other  subdivisions  of  major 
program  tss’.s. 
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The  following  is  an  example  of  the  utilization  of  this  cost  control 
numbering  system  as  currently  in  practice  on  the  SST  Phase  Il-C  Develop¬ 
ment  Program: 


op.  4 

Code  for  Phase  II -C  contract  i 


Department  Charge - 

Work  Statement  No.  2  (Build 
and  test  three  experimental 
JTF17  engines) 


Engine  testing  of  initial  engines 
(Includes  assembly,  tooling,  and 
testing) 


Genera  (No 
Specific  engine 
section  involved) 


F.  COST  COLLECTION  SYSTEM 
1.  Direct  Labor 

Direct  labor  expended  in  support  of  a  program  is  recorded  by  the 
individual  on  labor  cards  that  identify  the  job  or  work  order.  All 
labor  hour  recording  is  under  the  constant  surveillance  of  timekeepers 
throughout  the  areas,  and  these  hours  are  reconciled  to  attendance 
cards  on  a  daily  basis.  All  recorded  labor  is  ultimately  reconciled 
to  payroll  records  prior  to  formal  charging  of  this  labor  to  accounting 
cost  records. 

Direct  labor  costs  are  collected  by  Cost  Control  cards  (see  figure  2) 
which  are  processed  in  EDP  equipment.  These  cards  are  audited  by  the 
timekeepers  and  the  Defense  Contract  Audit  Agency  to  assure  correctness 
and  applicability  to  the  work  packages  as  defined  in  the  EOS's  (or 
DOS's). 


In  the  departments  which  have  lower  tier  work  order  systems  at  the 
Florida  Research  and  Development  Center,  direct  workers  are  instructed 
to  use  a  six-digit  work  order  number  which  is  issued  by  the  departmental 
cost  control  center  involved.  These  work  orders  permit  s  wore  detailed 
internal  reporting  and  control  of  specific  DOS's  (or  DOS's’'.  Approvals 
of  individual  tima  card  chargea  are  (rtade  by  departmental  supervision. 
Timekeeping  further  ex>nltors  work  orders  and  coat  control  numbers.  All 
work  order  numbers  sre  cross  referenced  to  the  correct  cost  control 
number  through  means  of  s  master  computer  record.  Thus,  in  the  example 
above,  (peragrepb  5.  c)  for  the  coat  Control  Number  127X-02-03S-07,  all 
teat  department  work  order  numbers  which  sre  Issued  relating  to  EOS  35 
will  automatically  be  cross  referenced  as  labor  carda  ara  processed, 
end  account lag  charges  will  accumulate  under  Cost  Control  Number 
127^-02-035-07.  Likewise,  In  assembly,  work  done  on  EOS  35  will  be 
charged  to  Code  06  (Assembly)  and  will  be  reflected  on  reports  summarised 
under  Cost  Control  Number  1276-02-035-07. 


VF-9 


Prats  &  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 


HOURLY  LABOR  COST  CONTROL  CAfiD 
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Figure  2,  Labor  Cost  Control  Cards 
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2.  Direct  Material 

Project  material  charges  stem  from  a  Purchase  Order/Accounts  Payable 
System  which  controls  the  flow  of  all  purchase  orders  and  vouchers.  Pur¬ 
chase  orders  and  vouchers  are  identifiable  to  levels  within  the  program 
via  the  cost  control  number.  The  vouchers  are  generated  from  receiving 
reports  or  material  transfer  requisitions  and  are  controlled  by  means  of 
a  reconciliation  with  the  Accounts  Payable  System  prior  to  becoming  formal 
charges  to  cost  records. 

Computer  rental  for  project  applications  and  business  reports  are 
accumulated  and  distributed  to  contracts  by  means  of  a  computer-generated 
utilization  record. 

3.  Indirect  Costs  -  Budgets  and  Controls 

Indirect  salaries  and  expenses  representing  the  overhead  costs  of  the 
company  are  the  responsibility  of  line  management.  Purchasing  personnel, 
maintenance  groups,  timekeepers,  and  shop  supervisors  are  examples  of  the 

VF-10 


Pratt  S  Whitney  ^trc?»fi 

PWA  FF  S6-100 
Volume  V 

types  of  labor  classified  as  indirect  salaries  and  wages.  Support  material 
supply  costs  (such  as  shop  supplies,  perishable  tools,  power,  and  heat)  are 
in  the  indirect  material  category.  Any  change  to  the  classification  of 
direct  and  indirect  expenses  must  have  the  concurrence  of  both  the  Company 
Controller  and  the  Resident  Defense  Contract  Audit  Agency. 

A  closed  loop  system  of  controlling  indirect  costs  starts  with  budgets 
being  issued  by  the  General  Manager  to  each  operating  department  head  for 
each  indirect,  account  number  over  which  he  has  control,  both  labor  and 
material.  For  example,  such  indirect  material  accounts  as  Shop  Supplies, 
Perishable  Tools,  Heat,  Light,  and  Power  are  controllable  by  the  Chief  of 
Engineering  Operations;  however,  such  indirect  accounts  as  Depreciation 
and  Property  Taxes  are  not  controllable  by  an  operating  department  head. 

The  budgets  are  established  by  the  General  Manager  after  considering 
the  total  business  forecast  and  the  mix  of  types  of  business,  the  history 
of  spending  by  each  operating  department  for  each  applicable  account,  and 
knowledge  of  changes  of  departmental  requirements.  The  change  of  depart¬ 
mental  requirements  could  be  caused  by  a  make-buy  ratio  change  in  direct 
contract  work,  for  example,  which  could  result  in  more  or  less  machine 
shop  personnel  and  which  could,  in  turn,  result  in  a  requirement  for  more 
or  less  perishable  tools. 

Hie  indirect  costs  for  labor  are  collected  by  means  of  the  regular 
attendance  cards  for  indirect  personnel  and  the  job  account  charge  cards 
for  direct  labor  personnel  when  they  charge  to  an  indirect  account.  The 
Electronic  Data  Processing  System  accumulates  and  reports  the  charges 
by  account  number  and  departmental  grouping,  as  shown  in  figure  3. 

Indirect  supplies  and  materials  are  channeled  into  the  reporting  system 
from  two  subsystems,  namely,  a  Crib  Inventory  System  and  the  Purchase  Order- 
System.  Departmental  withdrawals  from  indirect  inventory  are  automatically 
priced  and  charged  to  the  receiving  department  by  account.  Departmental 
purchase  orders  for  supplies  not  channeled  through  an  inventory  system  are 
identified  by  the  Purchase  Order  System,  and  the  costs  are  accumulated  by 
department  and  account. 


EDP  reports  are  furnished  to  each  operating  department  head  and  are 
compared  to  the  previously  established  budgets  to  determine  variances. 
The  General  Manager  is  provided  data  in  curve  form,  figure  4,  to  show 
actual  performance  versus  budget. 

Corrective  action  is  taken  by  the  operating  department  head  when  an 
adjustment  within  his  budget  is  the  potential  solution.  The  General 
Manager  directs  action  when  variances  from  budget  cannot  be  accomplished 
within  the  operating  department. 
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G.  COST  REPORTING  AND  CONTROL 

1.  Internal  Reporting  and  Corrective  Action 

The  cost  control  numbering  system  makes  possible  the  rapid  reporting 
of  cost  data  to  all  responsible  levels  of  project  and  operating  management. 
The  collection  w  cost  information  is  completely  mechanized  permits 

grouping  and  summarization  of  cost  data,  as  required,  fox  t  effective 

control. 

In  total,  the  Accounting  Department  distributes  more  than  twenty 
different  type  cost  reports  each  month  to  project  and  operating  management. 
Frequency  of  this  information  flow  ranges  from  daily  to  monthly.  Some 
examples  of  the  cost  data  covered  are  as  follows: 

1.  New  commitments  by  contract 

2.  Weekly  receipts  of  material  by  contract 

3.  Labor  dollars  expended  by  EOS  (or  DOS),  Work  Statement,  and 
contract 
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4e  Overtime  hours  and  costs  by  department,  function,  and  contract 

5.  Material  transfers  from  indirect  inventories 

6.  Computer  charges  by  EOS  (or  DOS),  Work  Statement,  and  contract 

7.  Labor  expended  during  the  week  and  cumulative  to  date  on 
work  order  level  tasks . 
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An  example  of  a  semimonthly  cost  report  prepared  for  Project  Engineering 
is  shown  in  figure  5.  This  report  shows  the  monthly  and  cumulative  experience 
of  labor  hours,  labor  dollars,  overtime  premium,  material  charges,  computer 
rental,  and  open  commitments.  The  report  also  includes  engineering  over¬ 
head  and  general  and  administrative  expenses  so  as  to  reflect  total  cost 
at  each  of  three  levels.  (The  accumulated  cost  to  date  is  summarized  by 
function  code  with  EOS  ( DOS),  further  summarized  at  the  Work  Statement 
level,  and  finally  at  the  total  contract  level.)  This  report  is  closely 
monitored  by  the  Project  Cost  Control  Centers  which  ere  physically  located 
adjacent  to  the  Progr&ra  Managers  to  facilitate  frequency  of  communication. 

Any  deviations  from  the  previously  established  EOS  (or  DOS)  cost  target 
plan  are  analyzed  in  conjunction  with  the  originating  Project  Engineer 
(or  Maaager)  to  determine  the  reason  or  reasons  involved.  Corrective 
action  required  may  involve  redirection  of  effort  or  realignment  of 
budgeted  work  package  dollars.  Such  action  requires  approval  of  the  Pro¬ 
gram  Manager.  In  either  event,  the  comparison  of  actual  experience  to 
budget  is  a  continuous  process.  It  also  provides  assurance  of  detailed 
coat  monitoring  and  control  at  Levels  I  through  111  on  the  contract. 

Since  this  cost  system  is  structursd  to  permit  the  control  and  report¬ 
ing  of  costs  by  types  of  effort  (such  as  Design,  Construction,  Assembly, 
and  Test),  it  is  utilised  by  the  departmental  control  organisation,  as 
wall  as  the  project  control  centers.  Ths  departmental  (functional) 
budgets,  which  are  established  end  coordinated  by  the  Cost  Control  Centers 
upon  issuance  of  the  SOS's  (or  DOS's),  srs  monitored  by  means  of  the 
types  of  report  shown  in  figure  6.  Distribution  of  this  report  is  made 
to  Cost  Accounting  and  to  all  Project  and  Department  Coat  Control  Centers. 

(The  particular  sample  shown  contains  a  portion  of  the  effort  expended  on 
the  SST  Phase  IX-C  Program  for  the  week  ended  31  July  1966,  under  the 
project  code  1271.)  This  report  is  grouped  to  illustrate  function  coda 
hours  for  the  weekly  period  within  major  departments  and  is  also  summarised 
by  contract  within  function.  Both  line  and  project  management  use  this 
report  to  spot  trends  which  very  from  the  established  budgets,  rare  again, 
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an  analyaia  of  the  charged  effort  la  made  by  the  involved  Cost  Control 
Center,  and  an  attempt  la  made  to  determine  whether  the  deviation  consti¬ 
tutes  an  abnormal  trend  which  muat  be  corrected  or  whether  a  re-evaluation 
of  the  budgeted  effort  is  fn  order. 
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Integration  of  Coat  and  Schedule  Reporting 
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the  Program  Manager  ueae  many  tools  available  to  him  in  measuring  the 
rogrees  of  the  individual  program  work  packager  again# t  the  currant  coat 
tatus  of  thoae  package# . 

1.  Be  receives  dally  atatua  reports  from  hie  Program  Managers. 

2.  At  weakly  meetings  with  Program  Managers,  and  the  Project 
Coat  Control  representatives ,  ha  receives  reports  on  techni¬ 
cal  progress  end  the  latest  coat  information. 

3.  the  Project  Coat  Control  Center  provides  budget  versus  actual 
cost  status  semimonthly  for  each  of  the  EOS'a  (or  DOS's)  issued 
on  the  program,  and  an  analyaia  of  variances. 

4.  Reports  on  schedule  statue  via  the  latest  PIRT/Tlae  reports 
ere  rev lamed. 
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5.  The  Program  Managers  are  required  to  report  progress  against 
the  Master  Program  Plan,  Volume  V,  Report  A. 

Corrective  action  will  be  initiated  by  the  Program  Manager  if  required 
(usually  at  the  meetings  in  paragraph  G.2.2.  above),  or  else  consideration 
may  be  given  to  a  budget  revision  of  the  efforts  involved.  Any  serious 
cost  or  schedule  problem  is  discussed  by  the  Program  Manager  at  the  weekly 
Management  Coonittee  meetings  in  order  to  resolve  the  problem. 

3.  Customer  Reporting 

As  a  further  byproduct  of  ;.he  Cost  Planning  and  Control  System,  the 
suuaarired  monthly  reporting  to  the  Federal  Aviation  Agency  currently 
practiced  under  Phase  Il-C  is  planned  for  Phase  III. 

This  cost  report  information  consists  of  seven  items  as  listed  below 
and  discussed  in  the  following  paragraphs. 


Report 

Frequency 

Calendar  Day 
Submitted 

*1. 

Combined  Financial  Plan  and 
Management  Summery  Report 

Monthly 

15 

*2. 

Cost  Category  Status  Report 

Monthly 

15 

*3. 

Manpower  Loading  Report 

Monthly 

15 

*4. 

Commitment  Report 

Monthly 

15 

*5. 

Overtime  Report 

Monthly 

15 

6. 

Rate  Report 

Monthly 

15 

7. 

Indirect  Support  Report 

Monthly 

15 

*forrent  Phase  II-C  Reports 

a.  Combined  Financial  Plan  and  Management  Summary  Report 

This  will  show  the  estimated  rate  at  which  costs  and  commitments  will 
be  incurred  during  Phase  III.  This  report  contains  a  series  of  charts  with 
time  phased  cost  and  commitment  estimates  from  Level  1  through  Level  III. 

The  Level  I  chart  will  show  the  funding  statue  and  total  coat  plus  commit¬ 
ment  statue.  The  Level  I  chert  will  be  shown  both  on  a  total  Phase  III 
basis  and  on  a  calendar  year  basis  for  funding  control.  Significant  items 
in  the  Work  Breakdown  Structure  will  be  shown  for  Level  XI  end  for  Level  1X1. 
The  monthly  submission  of  these  charts  will  indicate  an  estimate  of  the 
costa  incurred  to  date  et  each  level.  Actual  labor  and  material  chargee  for 
the  month  rad  Defense  Contract  Audit  Agency  approved  provisional  overhead 
end  general  rad  administrative  rates  are  the  basis  for  tha  actual  coet -to- 
date  totals. 

b.  Cost  Category  Status  Is pert 

This  will  provida  a  coat  breakdown  by  functional  categories  for  Level  X 
end  three  Level  XI  reports  on  a  monthly  basis  in  table  form.  Functional 
categories  covered  will  be  Ingi peering.  Construction,  Test,  Quality,  Tool¬ 
ing,  end  Assembly.  Tables  will  afford  comparison  of  costs  versus  planning 
for  the  total  program,  Level  I,  and  by  Mark  Breakdown  Structure,  Level  XI. 
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The  current  Cost  Category  Report  submitted  on  Phase  II -c  (which  shows  V°lume  V 
planned  versus  actual  costs  broken  down  by  labor,  material  and  other  ele 
ments  of  cost)  will  be  supplemented  by  additions  Cost  Category  Sports 
n  Phase  H!  in  the  -'Format  A”  form  requested  (figure  7)  X  constant 
integration  of  cost  and  schedule  status  (as  discussed  in  paragraph  G  2 
;ill1COntin“  t0  ••  the  basis  for  the  "UteJt  JeviJed 

w  T*  Pro-iections  and  expenditures  will  be  broken  down  into 
r,  overhead,  material,  and  general  and  administrative  expense  categories. 


Figure  7 •  Cost  Category  Report 
c.  Manpower  Loading  Report 


FD  12647A 
FD  12647B 
FV 


The  Manpower  Loading  Report  will  provide  on  a  Level  i  *  , 

category  breakdown  of  direct  manpower  assigned  to  thTprogr^ “’ter^Tcf 

dividina^totel  *  ^termination  of  equivalent  people  will  be  made  by 

rlnur  iJSimSr  rrk*d  dUrta*  •  -°nth  *  the  number  of 
regular  time  single -eh if t  working  hours  in  the  month  reported  - _ _ 

lafomitloo  0.  .ctUtt,  «.  <Ut.  ..  WU  ..  ”2  Sait'S., 

d.  Cooeitment  Report 

The  Commitment  Report  will  show  thn  planned  rate  of  etaiten t. 
for.  for  ft...  in,  Uv.l  i.  o(  th.  fo.2t.22t  *£2  £.1 

co"*itm*a**  «***  *  on  rbTgra£  «  eechXlhly 

r*P°r£  will  continue  to  be  on  u  calendar  year  basis  since 

,C*tU®  °S  Cttrr<m*  cemmitments  is  displayed  i  the  Total 
Program  charts  previously  discussed,  7  *  Tot#1 
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e.  Overtime  Report 

The  Overtime  Report  will  pretent  direct  labor  overtime  hours  on  Level  I 
basis  by  functional  category  and  total  overtime  premium  dollar  expenses 
incurred  each  month. 

f.  Rate  Report 

The  Rate  Report  (figure  8)  will  be  a  table  of  actual  average  rates  for 
labor  associated  with  the  functional  categories.  Overhead  billing  rates 
are  approved  by  the  Defense  Contract  Audit  Agency  for  a  calendar  year 
period.  Current  approved  rates  will  be  shown. 


Figure  8*  Rate  Report  TD  17631 

FV 

g.  Indirect  Support  Report 

The  Indirect  Support  Report  (figure  9)  will  show  the  number  of  equiva¬ 
lent  indirect  personnel  who  are  charged  to  the  total  SST  Program,  indirect 
labor  is  distributed  to  the  SST  Program  in  tbs  asms  ratio  as  SST  direct 
labor  to  total  plant  direct  labor. 

The  records  from  the  accounting  system  provide  the  necessary  currant 
coat  reporting  information  for  these  reports.  The  projections  and  estimates 
of  future  spending  end  manpower  requirements ,  which  will  ha  furnished  in 
these  reports,  are  prepared  under  the  direction  of  the  Program  Manager 
utilising  the  communication  links  end  status  reporting  .  lined  previously, 
end  the  Schedule  Planning  end  Control  Systems  Reporting  to  be  outlined  in 
Section  II. 
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Figure  9.  Indirect  Support  Report  FD  17632 
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H.  SUMMARY 

Die  cost  control  systems  described  herein  have  been  used  at  the  Florida 
Research  and  Development  Center  for  several  years  and  have  proved  effective. 
Thf '  is  evidenced  by  the  fact  that  all  major  contracts  have  been  completed 
on  schedule  end  within  target  costs  since  the  system  has  been  in  effect. 

Die  Project  and  Departmental  Ccat  Centers  have  been  successful  in 
relating  actual  costs  to  program  scheduled  progress  and  to  highlight  to 
the  Program  Managers  the  need  for  corrective  action  snd/or  program  redirec¬ 
tion.  Die  es tabliahad  estimating  procedures  have  helped  to  alert  personnel 
in  each  operating  dapartaant  to  program  requirements,  will  brlu^  this 
experience  to  beer  on  the  integration  of  our  SST  efforts  to  date  with  future 
development  plans 
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SECTION  III 

SCHEDULE  PLANNING  AND  CONTROL  SYSTEM 


A.  METHOD  OP  OPERATING  AND  ORGANIZATION  RESPONSIBILITIES  PERT/TIME 

This  will  be  used  as  the  management  system  for  schedule  planning,  re¬ 
porting,  and  for  controlling  work  accomplishment  during  Phase  III. 

The  PERT  Group  reports  to  the  Systems  Accountant  who  will  provide 
the  Manager,  Program  Controls,  with  the  flow  of  PERT  status  data  for 
inclusion  in  the  program  evaluation  weekly  meetings. 

B.  SYSTEM  IMPLEMENTATION 

The  Program  Work  Breakdown  Structure  for  Phase  III,  which  serves  as 
an  over-all  PERT  Network  guide,  is  shown  in  the  Work  Statement.  These 
Work  Statement  items,  against  which  contract  costs  will  be  collected,  have 
subsequent  Level  III  subdivisions  for  each  manageable  end-item  work  package. 
The  work  packages,  to  further  identify  an'!  control  the  program  effort,  are 
also  individually  defined  on  the  PERT  Network. 

The  Program  Management  Network  (figure  1C)  represents  the  sequential 
steps  needed  to  reach  the  objectivea  for  the  JTF17  Phase  III  Engine 
Development  Program  and  is  displayed  on  a  time-banded  basis. 

these  reports  will  sequence  the  events  and  activities  by  (1)  Predecessor 
and  Successor  Event,  (2)  Paths  of  Criticality,  (3)  Expected  Date  and  Pre¬ 
decessor  Event,  and  include  all  events  and  activities  of  the  Network 

C.  SYSTEM  FUNCTIONS  AND  CAPABILITIES 

The  overall  network  plan  la  developed  directly  f.om  the  Work  Breakdown 
Structure.  Each  major  development  area  is  assigned  to  a  Froject  Engineer 
who  has  the  responsibility  for  detailed  definition  within  the  area  of 
work,  or  work  package.  Each  Project  Engineer  determines  a  preliminary 
schedule  with  the  milestone  Items  displayed  on  a  time  phased  b«r  chert 
form.  These  milestone  cherts  are  the  ben  is  for  the  PERT  Networks  and 
enable  Program  Management  to  Integrate  milestones  Into  a  concise  plan 
combining  all  Items  of  the  Work  Breakdown  Structure.  Delivery  item  mile¬ 
stones  will  be  prepared  by  the  Manager  of  kroduct  Support  and  the  Macu^er 
of  Engine  Delivery  for  their  respective  responsibilities.  Ifcese  will  also 
be  Integrated  by  Program  Managsmant  into  the  total  plan. 

Schedule  performance  status  reporting  uy  structural  level  is  achieved 
through  network  tiering  and  computer  printouts.  Leva's  I  and  II  of  the 
Work  Breakdown  Structure  are  displayed  on  the  Prograr  Management  Network. 
Detail  Networks  or  Subnets  are  prepared  for  »H  work  packages  at  Level  111 
of  the  Work  Breakdown  Structure.  These  networks  include  all  the  milestone* 
that  appear  on  the  Program  Management  Network, 


Figure  10.  Program  Management  Network  FD  17630 
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Revisions  to  the  Program  Plan  and  resultant  redirections  of  program 
effort  are  incorporated  throughout  all  networks  and  schedules  and  through 
revisions  of  the  logic  networks  and  result  in  revised  PERT  reports  for 
management  action.  Revisions  to  the  Program  Plan  require  management 
evaluation  the  revised  slack  conditions  and  a  rescheduling  of  work 
through  adjustments  in  manpower  and  resources. 

Major  subcontractor  efforts  are  identified  by  separate  events,  and 
activities  are  interfaced  on  the  networks  where  deliveries  are  critical, 
or  are  limiting,  to  future  development  activity. 

Planned,  actua*,  and  forecast  schedule  status  is  reported  in  regular 
biweekly  and  monthly  PERT  reports  (figures  11  and  12).  Sutmnar igations  are 
made  for  the  various  levels  of  responsibility.  Project  Engineers  and 
managers  for  deliverable  items  receive  reports  for  their  work  packages 
only  and  Program  Management  receives  over-«ll  program  reports. 

A  basic  section  of  the  PERT  report  is  the  Path-of-Criticality,  which 
identifies  items  of  program  slippage  and  their  effect  through  interfaces 
on  future  program  objectives  and  milestones.  Relative  criticality  of  the 
various  events  and  activities  are  measured  through  the  amount  of  projected 
slippage  and  effects  on  future  milestone  items.  This  analysis  enables 
management  to  be  informed  of  critical  areas,  their  relative  effect  on 
program  objectives  and  defines  areas  which  require  attention  and  manage¬ 
ment  action. 

The  Project  Engineer’s  staff  individually  reviews  his  area  of  respon¬ 
sibility  with  the  PERT  Administrator.  Each  staff  member  receives  status 
information  daily  from  key  people  from  all  departments  which  affect  his 
area  of  responsibility.  During  formal  update  periods,  this  information 
is  summarized  and  transmitted  to  the  PERT  Adminis'  ator  for  use  in  revis¬ 
ing.  and  updating  of  the  Networks.  Basic  problems  are  isolated  by  the 
Manager,  Program  Controls,  and  a  plan  of  action  is  formulated  by  the 
Program  Manager  to  correct  the  deficiency.  -(Each  department  involved  is 
alerted  to  the  need  for  corrective  action,  and  an  action  schedule  is 
formulated  which  is  then  approved  by  the  Program  Manager.)  Revised 
Network.*  are  made,  and  progress  is  closely  evaluated  during  future  update 
periods. 

D.  PERT  ORGANIZATION 

The  PERT  Organization  at  the  Florida  Research  and  Development  Center 
consists  of  full-time  personnel  who  are  responsible  for  the  establishment 
of  PERT  requirements.  They  have  responsibility  for  developing  the  PERT 
System  for  proposals  and  then  for  updating  the  system  through  the  contract 
period  of  performance.  The  PERT  group  also  provides  services  and  assistance 
through  the  development  oi  supplementary  control  programs  for  project 
oersonnel . 

The  PERT  group,  iu  addition,  constantly  researches  new  or  revised 
PERT  systems  and  techniques  to  ensure  incorporation  of  the  latest  compatible 
PERT  operations  and  techniques  with  the  Florida  Research  and  Development 
Center  organization. 
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Figure  11.  N AS\  PERT  Time  Printout  (Run  1) 
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The  PERT  group  receives  requirements  from  the  Manager,  Program  Controls, 
while  also  maintaining  direct  contact  with  project  groups  and  other  service 
groups  to  assure  information  flow  to  the  PERT  system.  The  PERT  group  works 
with  and  uses  the  services  provided  by  Accounting, the  Computing  Laboratory, 
and  other  service  groups. 

The  PERT  staff  has  a  background  in  Engineering,  Accounting,  Systems 
and  Procedures,  and  Administration.  With  the  added  experience  of  PERT 
implementation  on  several  major  Government  contracts,  Pratt  &  Whitney 
Aircraft  is  well  prepared  to  Implement  the  PERT  system  for  Schedule  Plan¬ 
ning  and  Control  during  Phase  111  of  the  Development  Program  for  the 
JTF17  engine. 

E.  PERT  EXPERIENCE 

Pratt  &  Whitney  Aircraft,  Florida  Research  and  Development  Center,  has 
over  six -years'  experience  in  the  application  of  PERT  to  various  study, 
development,  and  production  contracts.  PERT  requirements  have  been  com¬ 
pleted,  or  are  actively  being  compiled  with,  under  the  following  study, 
development,  and  production  contracts  conducted  by  the  Pratt  &  Whitney 
Aircraft,  Florida  Research  and  Development  Center,  Engineering  Organiza¬ 
tion. 


Contrac  t 

Agency /Pr  ime 
Contractor 

Contract  No, 

RL10  Rocket  Engine 

NASA 

NAS8-2690 

Development 

NAS8-5607 

NAS8-5623 

NAS8- 15494 

High  Pressure  Rocket 
Engine  Feasibility 
Program 

Air  Force 

AF04  (611) -7435 

SST  Engine  Development 

FAA 

FA-SS-66-8 

This  experience  has  provided  Pratt  &  Whitney  Aircraft  personnel  with 
the  necessary  background  to  permit  the  effective  use  of  PERT  on  programs 
that  range  from  short  duration  study  programs  to  major  engine  development 
programs . 

F.  ADDITIONAL  SCHEDULE  PLANS  AND  CONTROLS 
1.  Master  Milestone  Chart 

The  major  events  and  program  efforts  are  displayed  on  a  chart,  which 
will  enable  the  Program  Manager  to  obtain  a  rapid  appraisal  of  the  complete 
program.  (See  Master  Program  Plans,  Volume  V,  Report  A.) 
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2.  Line  of  Balance  Charts  and  Reports  (Delivery  Engines) 

Considerable  success  in  monitoring  previous  deliverable  engines  at 
FRDC  was  obtained  through  the  use  of  the  Line  of  Balance  technique. 

Monthly  status  reports  with  analyses  of  delinquent  items  are  planned  tor 
the  twenty  prototype  engines  in  Phase  III.  A  typical  Line  of  Balance 
chart  is  shown  in  figure  13. 

,  o 

3.  Supplemental  Reports 

Daily  and  weekly  written  reports  will  detail  the  status  of  all  major 
component,  rig  and  development  engine  test  programs  and  support  activities 
Ihese  are  formalized  at  the  discretion  of  the  individual  Project  Engineers 
and/or  Program  Managers,  and  serve  to  supplement  formal  schedule  planning 
and  control  as  outlined  in  paragraphs  1-6  (above). 
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Figure  13.  Typical  Line  of  Balance  Chart 
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REPORT  6 

MANUFACTURING  PROGRAM 

SECTION  I 
OBJECTIVES 


The  objectives  of  the  Manufacturing  Program  are  to: 

1.  Provide  the  new  development  engines,  rigs,  and  their 
supporting  spare  parts  and  alternate  design  parts;  and  to 
convert  the  three  demonstrator  engines  to  the  latest  design 
as  required  by  Che  development  test  plan 

2.  To  build  and  ship  engine  mockupa  as  required 

3.  To  manufacture,  test,  and  ship  the  ground-test  engines  on 
schedule 

4.  To  manufacture,  test,  and  ship  the  pre-FTS  and  prototype 
engines  as  planned 

5.  To  rebuild  the  pre-FTS  engines  aa  prototypes,  and  over¬ 
haul  prototypes  as  required,  on  the  shortest  turn-arouud 
cycle,  to  minimise  the  number  of  these  engines  required 

6.  To  manufacture,  most  economically,  the  production  engines 
and  spares  on  schedule. 


Pratt  «  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

SECTION  II 
MAJOR  MILESTONES 


The  major  milestones  of  the  Manufacturing  Program,  as  shown  in  fig¬ 
ure  1,  are: 

1.  Completion  dates  of  12  new  development  engines  and  the 
modernization  of  the  three  demonstrator  engines 

2.  Completion  dates  of  new  major  rigs 

3.  Shipping  dates  of  engine  mockups 

4.  Shipping  dates  of  ground -test  engines 

5.  Shipping  dates  of  Prototype  (pre-FTS  and  post-FTS)  engines 

6.  Scheduled  first  delivery  of  Production  Engines  and  delivery 
rate  escalation. 


Figure  1.  Engine  Development  Program  FD  17571 

Major  Mi  lea  tones  VG 


Within  these  major  milestones  ere  second  level  objectives  that  are  key 
events  in  arriving  at  the  major  milestones  listed  above.  These  are  the 
times  of  initiation  and  completion  of  the  first  Development  Engine  for 
Phase  XIX,  first  Prototype  Engine,  and  first  Production  Engine,  as 
follows: 

1.  Release  of  gill  of  Materials 

2.  Planning  and  processing 

3.  Procurement  of  raw  material 

4.  Preparation  of  operation  sheets 
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5.  Design  of  tools 

6.  Fabrication  of  tools 

7.  Inspection  and  tryout  of  tools 

8.  Manufacture  of  details 

9.  Manufacture  of  subassemblies 

10.  Manufacture  of  final  assemblies 

11.  Assembly  of  engine 

12.  Test  of  engine  (Prototype  and  Production). 


For  the  first  Development  Engine  of  Phase  III  (Development  Engine 
Mo.  4),  see  figure  2.  The  first  Prototype  Engine  is  shown  in  figure  3. 
The  first  Production  Engine  is  shown  in  figure  4. 
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Figure  2.  Lead  Tima  Chart  -  Manufacturing  Cycle  FD  17572 
for  Fourth  Development  Engine  VG 
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Planning  and  j  Release  of  Bill  of  Material 
Scheduling  iHttHHi 

Raw  Material 
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Detail  _ 
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Manufacturing  HHHIi  HHM  ■ 

Final  Weldment  _ 

Manufacturing  H  HHHgHB 

Engine  Assembly  First  Engine  Shipment.  r 

and  Teat  I  H 
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WEEKS  BEFORE  ENGINE  DELIVERY 
Figure  4.  Lead  Time  Chart  -  Manufacturing  Cycle  FD  17574 
First  JTF17  Production  Engine  VG 
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The  individual  engine  part  with  the  longest  lead  time,  establishing 
the  manufacturing  cycles  for  the  Development  and  Prototype  Engines,  is  the 
Intermediate  Case.  (See  figures  5  and  6  for  detail  manufacturing  events.) 
The  Intermediate  Case,  along  with  the  Diffuser  Case,  establishes  the 
manufacturing  cycle  for  Production  Engines.  (See  figures  7  and  8.) 
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Figure  5.  JTF17  Intermediate  Case  Assembly  FD  17575 

Schedule  (Typical  Development  Engine)  VG 
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Figure  8.  JTF17  Diffuser  Case  Assembly  Schedule  FD  17578 
(First  Production  Engine)  VG 


The  unitized  fuel  and  area  control  is  the  pacing-subcontractor -designed- 
and -manufactured  component  for  the  Prototype  and  Production  Engines. 

(Refer  to  Section  IX.) 
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SECTION  III 

MAJOR  RESPONSIBILITIES 

A.  FLORIDA  RESEARCH  AND  DEVELOPMENT  CENTER 

The  Florida  Research  and  Development  Center  (FRDC)  has  been  designated 
by  P&WA  management  to  be  (1)  responsible  for  the  development  of  the  JTF17 
engine;  (2)  to  produce  the  mockups,  *.ne  ground  test  and  prototype  engines; 
and  (3)  to  perform  the  overhaul  (product  support)  of  the  prototype  and 
early  production  engines  through  aircraft  certification.  This  program  will 
till  the  void  caused  by  the  decline  in  other  engine  development  programs. 

A  manufacturing  team,  fully  qualified  as  the  result  of  the  successful  develop¬ 
ment  program  on  the  J58  supersonic  jet  engine  and  RL10  rocket  engine,  is 
available  to  undertake  the  SST  program.  FRDC  manufacturing  and  its  sub¬ 
contractors  have  experience  with  all  of  the  materials  involved  in  the 
JTF17  engine  through  actual  hardware  produced,  either  in  Phase  II-C  or  in 
other  supersonic  jet  engine  programs.  Manufacture,  overhaul,  and  support 
of  flight  engines  will  not  be  a  new  experience  for  FRDC  since  it  has  exten¬ 
sive  experience  in  the  J58  engines  and  RL10  rocket  engine  programs.  All 
departments  have  proven  procedures  for,  and  personnel  experienced  in,  pro¬ 
ducing  flight  quality  hardware,  and  in  all  phases  of  production  control. 

B.  CONNECTICUT  CPE RATIONS 

Connecticut  Operations  will  be  responsible  for  the  manufacture,  test, 
and  delivery  of  the  Phase  V  Production  Engines.  Many  of  the  subcontractors 
utilized  by  FRDC  during  Phase  III  prototype  and  spares  manufacture  will  be 
used  for  production  hardware.  During  ^haae  V,  many  hardware  items  needed 
in  the  sustaining  engineering  program  at  FRDC  will  be  obtained  from  pro¬ 
duction  sources.  (Refer  to  Volume  V,  Report  B,  Facilities  Program.)  Other 
engine  programs  now  in  production  in  Connecticut  will  be  declining  prior 
to  and  during  Phase  V.  Additional  floor  space  at  the  Connect.' -ut  Operations 
will  not  be  required,  and  the  program  can  be  handled  with  the  manpower 
available  at  that  time. 

After  aircraft  certification,  overhaul  of  the  Production  Engines  not 
handled  in  airlines'  shops  will  be  transferred  to  the  Southington, 

Connecticut  plant. 
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SECTION  IV 

MANUFACTURING  ORGANIZATIONS  AND  GENERAL  FACILITIES 
A.  FRDC  DEVELOPMENT 

The  FRDC  Manufacturing  Department  (figure  9)  consists  of  three  major 
functions;  Construction,  Traffic,  and  Project  Materials  Control.  Each 
function  is  directed  by  a  general  supervisor,  reporting  to  the  Chief  of 
Manufacturing.  A  Cost  Control  Group  also  reports  to  the  Chief  of  Man¬ 
ufacturing  as  a  staff  function.  Activities  of  the  Test  Department, 
relative  to  prototype  and  production,  are  also  described  in  this  Section. 

The  Quality  Assurance  Program  is  covered  in  Volume  IV,  Report  F,  Section  III. 


Figure  9.  JTF17  Development  Manufacturing 
Organiz  .tion 


FD  17579 
VG 


1.  Experimental  Construction 

Construction  consists  of  six  major  groups:  Experimental  Shops,  Master 
Mechanic,  Materials  Department,  Process  Planning  and  Tool  Design,  Experi¬ 
mental  Assembly,  and  Fabrication  Research. 

a.  Experimental  Shops 

The  Experimental  Shops  produce  engine  and  rig  hardware  and  are  com¬ 
posed  of  the  Machine  Shop,  Cheet  Metal  Shop,  Welding  Shop,  Heat  Treat 
Department,  Pattern  Shop,  l\jbe  Bending  and  Assembly  Department,  and  Plating. 
The  Shop  covers  171,000  square  feet  of  floor  space  and  includes  approximately 
o40  major  machine  tools  and  related  pieces  of  equipment.  A  detailed 
description  of  these  facilities  is  given  i.  Appendix  A  to  thiu  Report.  Lists 
of  equipment  appear  in  Volume  V,  Report  B  (Facilities  Program)  and  table  1, 
following. 
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b.  Master  Mechanic 

(1)  Tool  Room 

The  Tool  Room,  sized  to  the  Manufacturing  Shops,  builds  and  reoperates 
special  tooling.  The  Tool  Room  covers  15,000  square  feet  of  floor  space 
and  is  equipped  with  horizontal  and  vertical  lathes  with  capacity  to 
100  inches  in  diameter,  die  sinkers,  millers,  jig  boring  machines,  bore 
mills,  shapers,  and  other  standard  tool  room  equipment,  numbering  approxi¬ 
mately  100  machines. 

(2)  Cutter  Grind  Department 

The  Cutter  Grind  Department  services  new,  used,  and  special  cutting 
tools 

(3)  Machine  Repair  Department 

The  Machine  Repair  Department  accomplishes  major  overhauls  on  FRDC 
shop  machine  tools  and  provides  oil  and  coolant  service.  Preventative 
maintenance  of  major  machine  tools  is  programed. 

c.  Materials  Department 

(1)  Scheduling  and  Expediting 

The  Expediting  Group  follows  up  both  tool  orders  and  engine  parts 
fabricated  in  the  FRDC  Shops.  The  Scheduling  Group  is  responsible  for 
proper  machine-loading  of  the  FRDC  Manufacturing  Shops  and  participates 
in  the  "Make-Buy"  decision.  (Refer  to  Report  E,  Subcontracting  Pr<gram.) 

(2)  Stores 

The  Product  Stores  Group  stores,  issues,  and  accounts  for  raw  materials, 
finished  parts,  and  used  parts.  The  Non-Product  Group  is  responsible  for 
storage  and  inventory  control  of  shop  supplies  and  perishable  tools 

d.  Process  Planning  and  Tool  Design 

(1)  Process  Planning 

The  Process  Planning  Group  participates  in  initial  design  coordination 
and  is  responsible  for  preparation  of  operat ion  sheets ,  tool  determination , 
and  shop  coordination  through  first  piece  manufacture.  (Refer  to  Section  Vli.) 
They  also  participate  in  Value  Engineering  studies.  (Refer  to  Volume  IV, 

Report  F,  Section  IV 0 

(2)  Tool  Design 

The  Tool  Design  Group  is  responsible  for  manufacturing  snd  assembly 
tool  design  and  tool  standardisation. 
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e.  Experimental  Assembly 

Experimental  Assembly  provides  those  services  required  by  Engineering 
for  the  assembly,  disassembly,  and  maintenance  of  all  engines  and  test  rigs 
originating  at  or  assigned  to  FRDC. 

These  services  include  manufacturing-in-process  requirements,  such  as 
balancing,  pressure  test,  spin  zyglo,  and  proof  spinning.  The  facility 
covers  an  area  of  approximately  61,000  square  feet,  completely  enclosed 
to  provide  all  necessary  security.  It  is  equipped  with  1250  feet  of  mono- 
rail  designed  to  lift  up  to  20,000  pounds,  has  10  levelators,  of  which  4 
will  accommodate  engines  up  to  96  inches  in  diameter.  A  small  machine 
shop  provides  for  special  assembly  tool  repair.  A  blueprint  file  is  avail¬ 
able  for  use  by  Engineering  and  Assembly  Floor  personnel.  The  area  also 
provides  other  necessary  equipment  to  process  engines  and  rigs  through 
the  assembly  and  disassembly  cycle,  such  as  cleaning  equipment,  parts 
tables,  pressure  test  tanks,  oil  flow  and  hydrostatic  test  benches,  and 
deep  freeze  equipment.  (For  further  information,  refer  to  Appendix  A 
of  this  Report.) 

f.  Fabrication  Research 

Fabrication  Research  performs  manufacturing  research  on  advanced  con¬ 
cepts  and  processing  of  new  materials.  Its  function  is  to  advance  the 
state-of-the-art  in  manufacturing  techniques. 

2.  Traffic 

Traffic  performs  the  functions  of  verification,  routing  and  expediting 
of  material  shipments  and  receipt;-  and  transportation  of  material  within 
and  outside  the  plant.  It  is  also  responsible  for  travel  arrangements  of 
plant  personnel. 

3.  Project  Materials  Control 

Project  Materials  Control  is  responsible  for  ordering  and  scheduling 
all  engine  and  rig  raw  material  and  finished  parts  and  issuing  status 
reports.  They  also  participate  in  the  "Make-Buy"  decision,  coordinate 
Produclbility  and  Value  Engineering  studies  for  the  Manufacturing  depart¬ 
ment,  and  maintain  technical  liaison  with  subcontractors  and  the  FRDC 
Shops.  The  department  is  Project  organized.  (Refer  to  Section  V.) 

4.  Cost  Control  Group 

The  Cost  Control  Group  is  responsible  for  issuing  direct  and  indirect 
material  and  labor  budgets,  cost  reduction  reports,  and  conpilat  ons  of 
general  menutac Curing  statistics.  They  also  prepare  cost  ettimai^s  and 
coordinate  proposals  covering  manufacturing  responsibilities. 

5.  Experimental  Test  Operations 

A  description  of  the  exper imente 1  test  operations  is  Included  in 
Volume  III,  Report  B,  (Test  and  Certification  Plan  Report). 
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B.  FRDC  MANUFACTURING  ORGANIZAT2C5N  FOR  PHASE  III  PROTOTYPE  DELIVERY 

A  Prototype  Assembly  Department  will  be  organized  in  late  1968  to  meet 
the  scheduled  delivery  of  the  first  twe  pre-FTS  engines  in  April,  1959. 

The  nucleus  of  this  group  will  be  drawn  from  Development  Assembly. 

For  the  function  of  Production  Control,  a  new  group,  Delivery  Materials 
Control,  will  be  organized  in  early  1968  to  direct  the  ordering  and 
scheduling  of  prototype  hardware.  Pratt  &  Whitney  Aircraft  experience 
has  shown  that  production  control  and  assembly  of  deliv  ry  hardware 
cannot  be  handled  effectively  by  integrated  development  and  delivery 
groups.  Prototype  engine  parts  assembly  requires  more  formalized  quality 
documentation  and  process  controls  than  is  desirable  for  an  intensive 
development  program. 

Figure  10  shows  the  proposed  organization  for  Phase  III  Prototype 
Delivery.  Test  Organization  is  the  same  as  described  in  Volume  Iil, 

Report  E.  For  Quality  Assurance,  refer  t-b  Volume^  IV,  Report  F,  Section  III. 


Figure  10.  JTF17  Prototype  Manufacturing  FD  17580 

Organization  VG 

C.  FRDC  MANUFACTURING  ORGANIZATION  FOR  PHASES  III  AND  IV  PRODUCT  SUPPORT 

The  Delivery  Materials  Control  Group,  organized  for  the  Prototype 
Delivery  Program  in  Phase  III,  will  also  be  responsible  for  th<  ordering 
and  scheduling  of  overhaul  and  field  support  hardware  in  Peases  III  and  IV. 

The  Prototype  Assembly  Department  will  be  responsible  £<?r  the  predicted 
38  overhauls  of  ground  teat,  pre-FTS,  FTS,  and  Product ’.on  engines  from 
June,  1969,  through  aircraft  certification  in  March,  1974. 
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Although  the  organizational  structure  will  remain  the  same  as  in  the 
Prototype  Delivery  phase,  there  are  additional  functional  relationships 
for  Droduct  Support.  This  will  occur  because  the  Product  Support  Effort 
is  directed  by  the  Field  Operations  Group.  These  relationships  are  shown 
in  Volume  V,  Report  I  (Organization). 

Test  Organization  is  the  same  as  described  in  Volume  III,  Report  E. 

For  Quality  Assurance,  refer  to  Volume  IV,  Report  F,  Section  III. 

D.  CONNECTICUT  OPERATIONS  MANUFACTURING  ORGANIZATION,  PHASE  V 

1.  Summary 

a.  Responsibilities 

A  JTF17  Production  Manager  will  be  appointed  in  late  1969  to  direct 
the  production  of  engines  for  Phase  V.  The  basic  Manufacturing  Department 
will  not  be  changed.  The  JTF17  Production  Manager  will  have  overall 
responsibility  for  ensuring  not  only  that  the  scheduled  requirements 
for  engines  and  spares  are  met,  but  also  that  production  costs  are  held 
to  a  minimum.  The  Production  Manager  type  organization  offers  the  ad- 
antage  of  utilizing  an  established  and  functioning  production  control 
system  and  organization,  while  at  the  same  time  having  the  advantage  of 
the  special  control  and  time-saving  lines -of-communication  inherent  in  a 
project-oriented  system.  Experience  has  been  gained  with  this  approach 
to  production  management  through  several  previous  programs.  The  RL10 
rocket  engine  program  and  the  J58,  JT8D,  and  TF30  turbine  engine  programs 
were  controlled  by  project-oriented  prodiction  manager  organizations. 

A  close  relationship  between  the  Engineering  end  Manufacturing  Depart¬ 
ments  will  be  provided  by  the  planned  organization.  A  JTF17  Project  Engi¬ 
neering  Group  located  in  Ea  t  Hartford,  Connecticut,  will  represent  the 
FRDC  Engineering  Department  on  problems  of  specification  definition,  inspec¬ 
tion  requirements  and  design  change  incorporation.  A  liaison  Engineering 
and  Manufacturing  Group  located  at  FRDC  will  be  responsible  for  coordinating 
requests  for  changes  in  design  and  for  providing  information  required  by 
manufacturing.  Thes.  groups  will  provide  the  channels  of  communication 
necessary  for  the  succt  iful  completion  of  the  program. 

A  staff  group  comprised  of  supervisory  personnel  from  each  of  the  10 
Manufacturing  Departments  will  assist  the  Production  Manager.  They  will 
be  responsible  for  reporting  potential  JTF17  problems  occurring  in  their 
departments  and  for  carrying  out  decisions  reached  by  the  Production 
Manager. 

Other  minor  changes  to  ensure  better  communications  will  be  made.  A 
special  Dispatching  Group  (Materials  Control  Department),  reporting  to 
the  JTF17  Materials  Manager,  will  be  established  for  the  control  of  JTF17 
Production  and  Assembly.  JTF17  control  groups  will  be  assigned  to  each 
Branch  Plant  to  control  the  manufacture  of  JTF17  engine  parts  and  asaemblies. 

b.  Facilities 

Pratt  &  Whitney  Aircraft  Production  facilities  have  evolved  over  16 
years  of  gas  turbine  engine  production  end  ere  well  suited  for  the  devclop- 
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ment  and  production  of  the  JTT17  engine  program.  This  is  indicated  by 
past  production  performance,  existing  facilities,  planned  engine  programs, 
and  future  facilities  plans.  Four  manufacturing  facilities  of  Pratt  6< 

Whitney  Aircraft,  all  company-owned  and  all  in  Connecticut,  will  be 
involved  in  the  production  of  JTF17  engines.  (Refer  to  Report  B,  Facilities 
Program) . 

In  January  1964,  an  extensive  management  study  to  analyze  manufacturing 
facilities  and  determine  a  most  efficient  layout  for  the  production  of 
present  and  future  generations  of  gas  turbine  engines,  resulted  in  the 
approval  for  initiating  a  modernization  program.  Pratt  &  Whitney  Aircraft 
is  mid-way  in  the  completion  of  facilities  arrangements  lor  production 
manufacturing  areas  and  the  relocation  and  combining  of  related  service 
groups.  Additional  facilities  modernization  included  the  construction 
of  a  $’'’, 000, 000  building  complex  including  a  new  Materials  Center, 

Assembly  Floor,  and  a  three-story  office  building.  The  recent  completion 
of  a  new  Materials  Center  and  assembly  floor  provides  Pratt  &  Whitney 
Aircraft  with  a  centralized  facility  for  material-handling  activities 
and  additional  capabilities  for  engine  assembly.  The  Shop  rearrangement 
program  will  be  completed  by  early  1968. 

(1)  Machine  Tool  Modernization  Program 

A  completely  P&WA-financed  machine  modernization  and  replacement 
program  is  conducted  at  Pratt  &  Whitney  Aircraft  on  a  continuing  basis. 

New  types  of  machines  are  evaluated  for  use  to  ensure  increased  capacity 
and  reduced  manufacturing  costs  consistent  with  quality  ami  pexiormance 
requirements.  A  modernization  budget  of  $12,000,000  for  capital  improve¬ 
ments  has  been  approved  for  1966.  This  represents  77.  of  the  estimated 
value  of  the  total  machine  and  equipment  inventory  at  Pratt  &  Whitney 
Aircraft.  Modernization  budgets  of  $12,000,000  per  year  are  planned  for 
the  years  1967  through  1969. 

2.  Description  of  Departments 

The  Connecticut  Manufacturing  Organization  consists  of  10  major 
departments  (figure  11).  Each  department  has  a  department  head  reporting 
directly  to  the  Factory  Manager.  He  is  responsible  for  the  operating 
efficiency  of  hi*  organisation.  Following  is  a  brief  description  of 
each  major  department  in  the  manufacturing  organization. 
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For  Functional  Relationship#  to 
JTF17  Program 
Rtfor  to  Volume  V,  Report  I. 
Organisation 


Figure  11.  Production  JTF17  Engine  Manufacturing  FD  17581 
Organization  VG 


a.  Production  Engineering  (Figure  12) 

Production  Engineering  is  divided  !ntc*  three  aajor  areas:  Planning, 
Control,  and  Procurement;  Process  Engineering;  and.  Tool  Design  and 
Development.  Each  area  is  directed  by  a  general  supervisor,  reporting 
to  the  Chief  of  Production  Engineering.  Major  sections  within  each  area 
are  headed  by  supervisors,  supported  by  group  leaders  and  operating 
personnel. 


Figure  12.  Production  Engineering  Organisation  FD  17582 
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(ly  Planning,  Control,  and  Procurement 

Planning,  Control,  and  Procurement  is  divided  into  the  following 
seven  groups: 


(a)  Records  Control 

The  Records  Control  Group  is  responsible  for  (1)  maintaining  work 
status  records,  (2)  recording  manufacturing  assembly  specifications, 
and  (3)  maintaining  cost  information  records  and  Engineering  Changes, 


(b)  Planning  and  Scheduling 

The  Planning  and  Scheduling  Group  determines  schedules  for  Process 
Engineering,  for  tool  design  completion,  and  delivery  of  tools.  Planners 
establish  the  source  of  part  manufacture  based  on  the  "Make-Buy"  Policy, 

They  also  determine  and  distribute  ordering  and  scheduling  requirements. 

(c)  Production  Engineering  Services 

The  Production  Engineering  Service  Group  types  all  manufacturing 
operation  sheets,  maintains  a  central  file  and  control  of  the  original 
operation  sheets  and  tool  designs,  and  duplicates  and  distributes 
operation  sheets  and  tool  designs  as  required. 

(d)  Tool  Inventory  Control  - 

The  Tool  Inventory  Control  Group  is  responsible  for  ordering,  inven¬ 
tory  control,  and  distribution  of  Production  Engineering  Tools  and  supplies, 
using  advanced  techniques  of  data  collection,  processing,  and  statistical 
analysis. 

(e)  Cost  Estimating 

The  Cost  Estimating  Group  is  responsible  for  processing  manufacturing 
cost  estimates  of  proposed  engineering  changes  and  new  parts  for  Engine 
Development,  Value  Engineering,  and  the  Materials  Control  Department. 

(f)  Machine  Procurement  and  Utilisation 

The  Machine  Procurement  and  Utilization  Croup  is  responsible  for  (1)  re¬ 
viewing  machine  cool  requests,  (2)  preparing  machine  tool  specifications, 

(3)  maintaining  machine  load  files,  (4)  analyzing  machine  load  reports  to 
determine  machine  requirements,  end  (5)  maintaining  machine  tool  inventory 
records. 

(g)  Plent  Layout 

The  Plant  Layout  Group  is  responsible  for  planning  and  layout  of 
facilities  rearrangements. 

(2)  Process  Engineering 

Process  Engineering  is  organised  into  groups  that  are  classified  by 
type  of  subassembly  or  part  processed  and  correspond  to  the  seven  machine 
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shop  areas  in  the  East  Hartford  Plant,  three  shop  areas  in  the  North  Haven 
Plant,  and  one  shop  each  in  the  Southington  and  Middletown  Plant.  Process 
Engineering  is  responsible  for  preparing  operation  sheets,  issuing  tool- 
design-and-make  requests,  an<i  providing  technical  assistance  to  the  shop. 

(3)  Tool  Design  and  Development 

Tool  Design  and  Development  is  divided  into  the  following  three  sections 

(a)  Tool  Design  Control 

Tool  Design  Control  directs  the  flow  of  work  through  Tool  Design  and 
is  responsible  for  assignment  of  jobs  to  applicable  tool  design  groups 
or  subcontractors,  job  followup,  and  status  reporting. 

(b)  Tool  Design 

Tool  Design  department  is  organized  into  five  specialized  groups  to 
support  Process  Engineering  in  East  Hartford,  North  Haven,  Southington, 
and  Middletown.  In  addition  to  designing  tools,  Tool  Design  is  responsi¬ 
ble  for  analysis  and  time  estimates  of  tool  design  requests  and  quality 
requirements  of  in-house  and  subcontracted  designs. 

(c)  Equipment  and  Methods  Development 

Equipment  and  Methods  Development  is  divided  into  three  sections; 
Equipment  Development  and  Standardisation,  Manufacturing  Methods  Develop¬ 
ment,  and  Welding  Development.  The  Equipment  Development  and  Standard¬ 
ization  Group  is  responsible  for  design  and  development  of  specie! 
equipment  and  the  tool  standardization  program.  The  Manufacturing 
Methods  Development  Group  is  responsible  for  development  of  new  manufac¬ 
turing  processes  and  methods.  The  Welding  Development  Group  is  responsible 
for  developing  and  certifying  new  welding  and  brazing  techniques.  (Refer 
to  Section  VIII.) 

b.  Materials  Department 

The  Materials  Department,  directed  by  the  Chief,  Materials  Department, 
is  responsible  for  materials  ordering  and  planning  and  dispatching  functions 
in  the  Manufacturing  Department.  The  present  Materials  Department,  as 
shown  in  figure  13,  la  organised  into  seven  groups:  Parcs  Control; 

Materials  Requirements;  Dispatching;  Materials  Planning;  PERT  Group; 

In-Plant  Traffic,  Shipping,  and  Receiving;  and  Materials  Stores.  (Refer 
to  Section  V.) 
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In  Plant  Movement. 
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Figure  13.  Materials  Department  Organization 
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c.  Machine  Shop 

T!  '  Pratt  &  Whitney  Aircraft  East  Hartford  Machine  Shop  is  organized 
into  seven  manufacturing  areas,  directed  by  divisional  su,  .intendents 
reporting  to  the  Machine  Shop  Superintendent  (figure  14).  Work  flow  is 
part-oriented,  with  each  area  responsible  for  the  complete  manufacturing 
process  of  parts  sourced  to  it,  except  for  such  processes  as  paint  and 
preservation,  heat  treatment,  shot  peen,  plating,  and  tumbling,  which  are 
the  responsibility  of  specialized  departments  serving  several  areas.  The 
seven  areas  are  further  subdivided  into  Mactfac . uring  Departments.  These 
are  managed  by  General  Foremen  and  Foremen  who  are  responsible  to  the 
Division  Superintendents  for  manufacturing  quality  parts  and  for  meeting 

production  schedules.  1“ - - ; - 

Superintendent 

r  Shop  Aren  I 


Superintendent 

Aenietam  | 

Machine 

_  Superintend**  L 

Shop 

i 

Superintendent 
Shop  Aren  II 

- - 

Superintendent 
Shop  Aren  Uf 

. . . i 

Superin '  orient 
Shop  Aren  IV 

Superintendent 
Shop  Ann  V 
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Shop  Aran  VI 

Superintendent 
Shop  Ann  XII 


Figure  14.  Machine  Jhop  Organization 
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d.  Assembly  and  Test 

The  Assembly  and  Test  Department,  directed  Sy  the  Superintendent  re 
porting  to  the  Factory  Manager,  is  separated  into  four  sections  (figure 

(1)  Assembly  and  Test  Process  Engineering 

Assembly  and  Test  Process  Engineering  is  responsible  for  proparatio 
and  distribution  of  assembly  and  test  operation  sheets;  issuing  design- 
and-make  requests  for  assembly,  test,  and  service  tooling;  and  providin; 
technical  assistance  to  the  Assembly  Floor  and  Test  Area. 

(2)  Assembly  Engineering 

Assembly  Engineering  is  responsible  for  establishing  assembly  floor 
procedures,  coordinating  assembly  engineering  problems  with  engine 
development,  and  notifying  the  Materials  Department  of  engineering 
change  incorporation. 

(3)  Assembly  Floor 

The  assembly  floor  is  organized  into  departments  for  green  and  final 
subassembly,  balancing,  teardown,  and  green  and  final  engine  assembly 
operations. 

(4)  Tett  Area 

The  Tes*-  Area  is  organized  into  departments  for  accessory  test,  engin 
pretest  preparation,  engine  tesc,  and  eng'ne  packing  operations. 


Figure  15.  Asueably  and  Test  Organisation  FD  17585 

VC 


«.  Seai-f reduction 


Seni- Product ion  is  separated  ln.o  two  depcrtaenbs:  semi-production 
machining  and  seal -production  sheet  a*eel  (flguie  16). 
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(1)  Semi-Production  Machining 

Semi-Productio"  'iachining  is  established  to  perform  machining  operations 
on  initial  production  engine  parts,  using  a  minimum  of  tooling.  It  is 
directed  by  a  superintendent  reporting  to  the  factory  manager  and  is 
organized  into  three  sections;  (1)  Process  Engineering,  (2)  Production 
Control,  and  (3)  Machine  Shop. 

(a)  Process  Engineering 

This  group  is  responsible  for  designing,  applying,  and  ordering  tools; 
preparing  operation  sheets  for  Semi-Production  Parts;  and  providing 
assistance  to  the  machine  shop. 

(b)  Production  Control 

This  group  is  responsible  for  ordering  and  inventory  control  of  tools 
and  gages.  They  are  also  responsible  for  machine  shop  scheduling  and 
work-in-process  control. 

(c)  Semi -Production  Machining  Machine  Shop 

This  shop  manufactures  machined  details  and  performs  machining  opera¬ 
tions  on  welded  assemblies. 

(2)  Semi-Production  Sheet  Metal  Shop 

The  Semi-Production  Sheet  Metal  Shop  performs  sheet  metal  forming 
and  welding  operations  on  initial  production  engine  parts.  The  Semi- 
Production  Sheet  Metal  Shop  is  organized  into  three  sections;  Process 
Engineering,  Production  Control,  and  a  Sheet  Metal  and  Welding  Shop,  all  of 
which  operate  substantially  the  same  as  the  corresponding  sections  in  Semi- 
Production  Machining. 
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f.  Branch  Plants 

Branch  Plants  at  Southington,  North  Haven,  and  Middletown  are  feeder 
plants  that  support  the  East  Hartford  machine  shop  and  assembly  floor. 

Each  branch  plant,  typically  organized  as  shown  in  figure  17,  consists  of 
a  machine  shop,  a  materials  control  department,  a  master  mechanic,  a 
plant  engineer,  and  a  Process  Engineering  Gro_p.  Each  functions  in  the 
same  manner  as  corresponding  departments  in  the  East  Hartford  Plant. 

The  North  Haven  machine  shop  is  divided  into  three  manufacturing  areas, 
while  the  Southington  and  Middletown  Shops  have  one  area  each. 


Figure  17.  Typical  Branch  Plant  Organization  FD  17587 


g.  Master  Meshanic 

The  master  mechanic,  reporting  to  the  Factory  Manager,  is  responsible 
for  a  department  organized  into  eight  sections  that  perform  the  following 
support  and  service  activities  (figure  18): 

(1)  Machines  and  Tool  Service  Supplies 

The  Machine  and  Tool  Service  Supplies  Department  is  responsible  for 
servicing  machine  tools  and  equipment  with  coolants,  compounds,  clearing 
fluids,  and  lubricants  and  for  periodic  inspection  thereof. 

(2)  Machine  Preventive  Mr  ntenance  and  Repair 

The  Machine  Rep--1:'  Group  is  responsible  for  preventive  maintenance 
and  repair  and  overhaul  of  all  machine  tools. 

(3)  Tool  Room 

The  Tool  Room  manufactures,  modifies,  and  maintains  special  tools, 
jigs  and  fixtures  for  the  Machine  Shop  and  Semi-Production. 

(4)  Die  Room 

The  Die  Room  manufactures,  modifies,  and  repairs  the  majority  of 
dies  required  by  the  Machine  Shop  end  Semi-Production,  They  also  manu¬ 
facture  master  contour  models  and  patterns  together  with  checking  fixtures 
for  use  by  manufacturing  subcontractors. 

(5)  Gage  Room 

The  Gage  Room  manufactures,  modifies,  end  repairs  g8~ea  for  the  Machine 
Shop,  quality  Assurance  Department  and  Assembly  Floor. 
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(6)  Tool  and  Gage  Inspection 

Tool  and  Gage  Inspection  is  responsible  for:  (1)  dimensional  inspec¬ 
tion  of  r.->w  or  altered  tools  and  gages,  (2)  inspection  of  the  first  piece 
produced  xrom  new  or  altered  tools  and  dies,  (3)  periodic  inspection  and 
calibration  of  Machine  Shop  and  Assembly  and  Test  Gages,  (4)  operation  of 
a  constant  temperature  metrology  laboratory  for  precision  measurement  of 
standard  gages  that  are  traceable  to  the  National  Bureau  of  Standards, 
and  (5)  periodic  inspection  and  layout  of  machine  shop  work  in  process. 

(7)  Cutter  Grind 

The  Cutter  Grind  Department  is  responsible  for  maintenance  and  repair 
of  reserviceable  tools. 

(8)  Planning  and  Data  Collection  Office 

The  Planning  and  Data  Collection  Office  is  responsible  for  collecting 
data  to  maintain  data  processing  programs  for  work  control  and  scheduling 
of  the  Master  Mechanics  Department. 


Figure  18.  Master  Mechanics  Organization  FD  17588 

VG 

h.  Plant  Engineering 

The  Plant  Engineer,  reporting  to  the  Factory  Manager,  is  responsible 
for  maintenance,  repair  and  construction  of  plant  and  facilities.  The 
Plant  Engineering  Department  is  divided  into  six  sections,  as  shown  in  fig¬ 
ure  19.  They  are  responsible  for  plant  rearrangement  and  modification  pro¬ 
jects  including  installation  of  machines  and  equipment,  test  cell  modifica¬ 
tions,  and  corresponding  electrical,  fuel  and  utility  systems  modifications. 
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Figure  19.  Plane  Engineering  Organization  FD  17589 
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SECTION  V 

PRODUCTION  CONTROL ,  MATERIALS  CONTROL  AND  PROCUREMENT 

The  development  of  an  aircraft  engine  is  characterized  by  frequent 
design  changes  and  limited  quantities  of  parts  subject  to  changing 
schedule  requirements.  Pratt  &  Whitney  Aircraft  Management,  recognizing 
that  proper  communications  and  coordination  are  vital  in  meeting  these 
characteristics,  ha*'  developed  a  unique  production  control  system.  The 
following  paragraphs  describe  the  FRJDC  and  Connecticut  production  control; 
materials  control  and  procurement  functions;  and  systems,  procedures,  and 
methods  of  control  from  Phase  III  through  Phase  V. 

A.  PRODUCTION  CONTROL  AT  FRDC  (PHASES  III,  IV,  AND  V) 

'Project  Material  Control  (for  development  hardware)  and  Delivery  Materi¬ 
al  Control  (for  prototype  and  product  support  hardware)  are  responsible 
for  establishing  parts  quantities  and  schedules  and  coordinating  manu¬ 
facturing  and  procurement  activities  to  assure  the  availability  of  quality 
parts- most  economically  and  on  schedule  —  in  accordance  with  Engineer¬ 
ing  Order  Supplements  and  Delivery  Order  Supplements  issued  by  the  JTF17 
Program  Manager. 

They  issue  directives  to  the  Purchasing  and  Materials  Departments  to 
meet  these  goals.  Responsibilities  and  functions  of  Project  Material 
Control  and  Delivery  Material  Control  are  identical,  as  discussed  below. 
Differences  will  be  indicated  where  procedures  or  methods  of  control 
differ  between  development  and  delivery  systems.  (See  figure  20  for 
work  flow  and  figure  21  for  data  flow.) 


Development,  Prototype  and  Over-  VG 

haul  Hardware 


VG-35 


Pratt  &  Whitney  aircraft 

PWA  FP  66-100 
Volume  V 

2.  Operations 

a.  Ordering  and  Scheduling 

(1)  Development 

JTF17  Project  Engineering  authorizes  all  development  product  procure¬ 
ment  by  issuance  of  an  Engineering  Order  Supplement  that  defines  the 
task  to  be  accomplished  and  specifies  the  hardware  requirements.  These 
parts,  if  a  new  design,  are  released  from  Design  to  Project  Material 
Control  on  an  Experimental  Release,  The  Experimental  lease  will  re¬ 
state  the  required  quantity  of  part"  and  the  requested  delivery  date  for 
proper  integration  into  the  development  test  program.  The  Project 
Material  Control  Engineer,  from  previous  experience,  and  after  discussing 
the  task  with  purchasing  and/or  shop  representatives,  may  confirm  the 
Project  Engineer's  requested  delivery  schedule  or  may  arrive  at  a  revised 
schedule  with  the  Project  Engineer. 

In  reaching  the  decision  for  a  required  schedule,  the  Project  Material 
Control  Engineer  considers  raw  material  and  tooling  availability,  part 
complexity,  previous  experience  with  similar  parts,  and  shop  loading. 

Project  Material  Control  personnel  determine  the  raw  material  necessary 
for  each  part  and  write  requirement  cards  for  all  details,  subassemblies, 
and  assemblies  to  be  manufactured. 

(2)  Prototype  and  Product  Support 

Hardware  requirements  are  issued  as  Bills  of  Material  from  Design  for 
the  prototype  engines  and  on  Delivery  Order  Supplements  from  Spare  Parts 
Sales  for  overhaul  engines.  Delivery  Material  Control  personnel  schedule 
the  hardware  deliveries  to  provide  adequate  lead  tir,.e  prior  to  prototype 
engine  builds  or  before  delivery  dates  specified  on  the  Delivery  Order 
Supplement. 

b.  Manufacture  or  Purchase  Decision 

Hie  requirement  cards  for  detail  parts  and  minor  assemblies  are  sub¬ 
mitted  daily  to  a  panel  made  up  of  representatives  from  Purchasing,  Pro¬ 
ject  Material  Control,  Process  Engineering,  Tool  Design  and  Quality 
Assurance  chairmanned  by  the  Supervisor  of  the  Materials  Department.  This 
panel  has  in  its  possession  all  of  the  information  relative  to  raw  material 
availability,  equipment,  quality  requirements,  work  in  process,  current  and 
future  availability  of  manpower,  prioritiea,  tooling  and  previous  source(s) 
and  cost  history  on  the  same  or  similar  parts.  On  the  basis  of  all  of 
this  information  and  considering  the  required  date  for  the  part  or  parts, 
a  "manufacture  or  purchase"  recommendation  is  established  by  the  chairman 
and  submitted  to  tha  Project  Material  Control  Engineer  for  approval.  Once 
this  decision  has  bean  made,  Project  Material  Control  releases  the  require¬ 
ment  card  to  the  Materials  Department  for  manufacture  or,  for  parts 
designated  "purchase,"  issues  Requests  for  Purchase  Order  (RPO).  Prints 
and  specif icatlona  are  sent  by  Purchasing  to  the  appropriate  subcontractors 
for  quote  and  comment.  Before  the  order  Is  placed  on  the  basis  of  these 
competitive  quotes  the  subcontractor's  promised  delivery  schedule  must  be 
satisfactory  to  tha  JJf 17  Project  Material  Control  Supervisor.  If  unsatis¬ 
factory,  further  negotiations  ere  carried  an  or  the  decision  to  "purchase" 
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the  part  may  be  reversed  and  the  item  made  in-house.  Quality  requirements 
are  a  part  of  the  Shop  Work  Order  or  Purchase  Order. 

For  procedures  employed  in  manufacture  or  purchase  decisions  on  major 
parts  and  assemblies,  see  Volume  V,  Report  E.  Subcontracting  Program.  For 
procurement  of  fuel  controls,  hydraulic,  and  ignition  system  components, 
see  Volume  III,  Report  B,  Engine  Design  Report. 

c.  Status  Reporting 

(1)  Development 

Progress  on  subcontracted  parts  and  all  work  in  process  is  closely 
monitored  by  Purchasing  and  the  Materials  Department  regarding  the  dates 
requested  for  each  part.  If  a  date  slippage  becomes  apparent,  a  change  of 
delivery  date  notice  is  sent  to  Project  Material  Control.  The  Project 
Material  Control  Engineer  issues  weekly  status  reports  and  holds  regularly 
scheduled  meetings  to  review  delivery  dates  on  all  major  parts  or  programs 
and  takes  steps  to  bring  these  late  parts  back  into  schedule  or  to  inform 
Project  Engineering  of  schedule  slippages  so  that  test  plans  may  be  revised. 
For  configurations  involving  relatively  few  parts,  this  personalized 
service  of  status  reporting  proves  more  responsive.  In  cases  where  a  com¬ 
plete  development  engine  is  to  be  built  initially,  a  computer  program  of 
reporting  status  has  proved  to  be  more  useful.  Either  approach,  or  a 
combinati  ,  can  be  used  on  any  program  as  requested  by  the  JTF17  Project 
Material  Control  Engineer. 

(2)  Prototype  and  Product  Support 

The  Requirements  Section  of  Delivery  Material  Control  is  responsible 
for  issuing  an  individual  Bill  of  Material  for  each  prototype  engine  which 
is  updated  aa  Engineering  Changes  are  issued.  Spare  Parts  Sales  issues 
revisions  by  Delivery  Order  Supplements  to  specify  Engineering  Change 
Requirements.  The  Requirements  Section  of  Delivery  Material  Control  will 
maintain  an  updated  master  file  of  all  Delivery  Order  Supplement  Requirements. 
Computer  print-outs  of  parts  status  will  be  run  bi-monthly  collating  the 
Bill  of  Material  or  the  master  file.  Progress  of  the  JTF17  prototype  en¬ 
gine  parts  will  be  continuously  swnitored  by  the  Delivery  Materials  Control 
Supervisor  and  his  organization  using  PERI  and  weekly  status  reports 
generated  by  the  Delivery  Materials  Control  Requirements  Section.  These 
reports  will  be  distributed  to  supervisory  personnel  in  the  Engineering, 
Purchasing  and  Manufacturing  Departments  and  will  identify  overdue 
conditions  as  they  occur  so  that  affective  corrective  action  can  be  taken 
to  restore  the  program  to  schedule. 

d.  Engineering  Changes 
(1)  Development 

The  Project  Material  Control  organisation  effects  incorporation  of 
Engineering  Changes  rapidly,  n  necessary  requirement  in  the  engine  develop¬ 
ment  program.  Changes  are  released  from  Design  on  an  Experimental  Release 
with  incorporation  instructions.  Most  of  the  changes  have  been  previously 
discussed  between  the  Project  inginear  and  Project  Material  Control  Engineer, 
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the  status  of  the  work  in  process  determined  and  "hold"  instructions 
issued  if  necessary.  Revised  drawings  are  issued  to  Purchasing  on  an 
RPO  Supplement  Order  and  to  the  Materials  Department  on  a  Change  in 
Shop  Work  Order.  When  engine  testing  shows  that  a  configuration  should  be 
completely  changed,  this  close  liaison  between  Project  Engineering  and 
Project  Material  Control  enables  all  parts  in  process  to  be  ^topped 
immediately.  Hardware  obsolescence  is  thus  held  to  a  minimum. 

(2)  Prototype 

Engineering  Changes  will  be  introduced  by  the  JTF17  Project  Engineering 
Group  and  will  be  expedited  through  regularly  scheduled  meetings  with  the 
JTF17  Delivery  Material  Control  Supervisor  and  representatives  of  the  Ma- 
fccrials  Department,  Process  Planning  and  Purchasing.  These  change  con¬ 
ferences  will  review  part  prints  of  the  new  or  altered  parts,  consider 
the  impact  on  raw  material  schedule  requirements,  and,  if  necessary, 
determine  the  manufacturing  sources.  The  Delivery  Material  Control 
Supervisor  will  be  responsible  for  designating  the  incorporation  date 
for  each  Engineering  Change  and  the  Requirements  Group  Supervisor  of  DMC 
will  be  responsible  for  incorporation  of  all  Engineering  Changes  into 
the  Master  Bill  of  Material. 

e.  Engine  Configuration  Control 

(1)  Development 

Project  Material  Control  is  also  responsible,  from  the  broad  direction 
of  Project  Engineering,  for  issuing  the  engine  or  engine  sections  parts 
lists  to  the  asseobly  floor  in  order  that  a  specific  engine  or  rig  may 
be  built  to  the  configuration  desired  J>y  Engineering. 

(2)  Prototype  and  Product  Support 

The  Bill  of  Material  kept  by  the  Requirements  Section  of  Delivery 
Material  Control  serves  at  the  assembly  floor  build  parts  list  for  proto¬ 
type  engines. 

The  Service  Department  specifies  to  the  Requirements  Section  of 
Delivery  Material  Control  the  Engineering  Changes  snd  Service  Bulletins 
to  be  incorporated  in  each  engine  being  returned  for  overhaul  and  trill 
supply  a  parts  list  of  the  engine  configuration.  Preliminary  engine  parts 
shortages  can  be  issued  for  each  engine  prior  to  receipt  at  FRDC,  thus 
reducing  the  overhaul  cycle.  Complete  shortage  information  will  be  ob¬ 
tained  after  teardovn  and  disposition  of  the  parts  made  by  the  Service 
Department  and  sjuallty  Review  personnel* 

f.  Value  Engineering 

The  Project  Material  Control  or  Delivery  Material  Control  Engineer 
with  the  assistance  of  qualified  personnel  is  responsible  for  Value 
Engineering  on  development  and  prototype  parte  respectively.  Being  aware 
of  ichodule  requirements  for  development  parts  he  is  able  to  reach  decisions 
regarding  omission  of  machining  operations  or  substitutions  of  more  easily 
obtained  or  late  costly  notarial  (Material  Substitution  Bequest)  when  less 
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critical  engine  testing  is  involved.  For  prototype  or  development  parts 
he  specifies  the  degree  of  tooling  or  stops  costly  premium  effort  when  a 
closely-held  schedule  is  no  longer  necessary.  He  is  also  responsible 
for  examining  the  merit  of  cost  saving  suggestions  by  subcontractors  and 
submitting  a  Request  for  Change  in  Design  if  necessary. 

Producibility 

The  Project  Material  Control  Engineer  through  his  close  contacts  with 
Design,  Manufacturing  and  subcontractors  is  responsible  for  acceptance  of 
the  engine  design  regarding  producibility.  He  is  also  responsible  for 
recognizing  and  resolving  fabrication  or  dimensional  problems  that  are 
not  part  of  the  "learning  curve". 

u  Technical  Liaison 

The  Project  Material  Control  Engineer  is  responsible  for  resolution 
of  fabrication  and  material  problems  at  subcontractors'  plants  and  in 
FKDC  shops,  or  proposing  alternate  solutions  In  order  that  delivery 
schedules  may  be  met. 

B.  MATERIALS  CONTROL  AT  FRDC 

The  Material  Department  has  two  basic  functional  operations;  (1)  Sched¬ 
uling  and  Expediting  and  (2)  Product  and  Non-Product  Stores. 

1.  Scheduling  and  Expediting 

Upon  receipt  of  an  order  for  the  manufacture  of  engine  parts  from 
Project  Material  Control,  the  Scheduling  and  Expediting  section  of  the 
Material  Department  generates  a  detailed  manufacturing  chedule  for  material 
tools,  details,  parts,  subassemblies,  and  assemblies  in  accordance  with  the 
basic  engine  assembly  requirement.  For  major  parts,  these  details  are 
oresented  in  PERT  type  networks.  Shop  Work  Order  are  prepared  for  each 
requirement  and  assigned  to  expediters  within  the  section  who: 

1.  Release  orders  to  Manufacturing  in  accordance  with  schedules 

2.  Coordinate  all  tooling  requirements  for  tach  order  through  the 
Process  Planning  and  Tool  Design  Groups  (Refer  to  Section  X.) 

3.  Release  tooling  orders  for  in-house  manufacture  or  procurement 

4.  Requisition  all  raw  material,  details,  and  subassemblies  required 
for  each  order 

5.  Expedite  orders  throughout  the  course  of  manufacture,  inspection, 
and  assembly 

6.  Evaluate  the  status  of  all  orders  in  process  and  assign  priorities 
to  maintain  schedules  or  raeoaaand  alternate  or  varied  sequences 
or  productloa  processes 
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7.  Report  status  of  all  orders  in  process  and  advise  Project 
Material  Control  of  schedule  problems  arising  from  deviations, 
scrap,  engineering  change,  machine  breakdown,  or  other  factors 
affecting  schedule 

8.  Deliver  parts  or  tools  to  the  proper  storeroom  upon  completion. 

This  section  also  maintains  constant  surveillance  of  all  work  in  process, 
controls  all  work  on  a  job-otier  basis,  and  maintains  perpetual  work  in- 
process  inventory  control  through  a  computer  program  designed  to  define 
the  status,  location,  and  quantity  of  ill  work  from  origination  to  incor¬ 
poration  in  material  inventories.  Work  in-process  is  physically  verified 
on  a  daily  basis. 

2.  Stores 

Stores  is  charged  with  the  responsibility  for  activities  involving 
the  receipt,  checking,  marking,  packaging,  storing,  issuing,  and  recording 
of  raw  material,  finished  parts,  subassemblies,  ar.d  assemblies  required 
for  engines.  Parts  received  in  Stores  in  a  finished  or  semifinished 
condition  or  either  (1)  manufactured  in  FRDC  Experimental  Shops,  (2)  pro¬ 
cured  from  a  subcontractor,  or  (3)  procured  from  other  divisions  of  UAC. 

Upon  receipt.  Stores  produces  a  stock  record  card  for  all  raw  material 
or  finished  parts  and  publishes  an  inventory  for  use  by  Project  Material 
Control,  Materials  Department,  Engineering,  and  Assembly.  Stores  packages, 
identifies,  and  stores  all  materials  in  accordance  with  specifications  to 
permit  ready  identification  and  eliminate  the  porHbility  of  physical  or 
chemical  damage. 

All  materials  stored  by  the  storerooms  must  be  released  by  properly 
authorized  paperwork  containing  sufficient  information  to  determine  the 
ultimate  destination.  Physical  inventories  are  performed  monthly  within 
all  storerooms,  insuring  (1)  inventory  accuracy,  (2)  compliance  with  stor¬ 
age  requirements,  and  (3)  proper  segregation  (accountability). 

C.  PRODUCTION  CONTROL,  CONNECTICUT  OPERATIONS  (SEE  FIGURE  22  FOR  WORK  FLOW) 

The  production  control  organisation  for  the  JTF17  program  will  be  es 
shown  in  figure  23.  The  J1F17  production  manager  will  have  overall  respon¬ 
sibility  for  meeting  scheduled  requirements  for  engines  and  spare  parts. 

1,  Ordering  and  Scheduling 

The  ordering  function  1c  performed  by  the  Requirements  and  Parts 
Control  Groups  of  the  Materials  Department.  The  following  operations  are 
performed  in  the  ordering  of  requirements : 

1.  Engine  orders,  spare  parts  orders,  Service  Stores  Requisitions,  and 
other  sources  of  production  requirements  are  received  by  the  Materi¬ 
als  Department. 

2.  Orders  for  angl  s*  are  converted  into  grots  requirements  for  ail 
levels  of  assembly,  subassembly,  and  detail  parts  by  the  Parts 
Control  Group. 
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3.  Orders  for  spare  parts  are  exploded  into  gross  requirements  for 
^11  levels  of  assembly,  subassembly,  and  detail  parts  by  the 
Requirements  Group. 

4.  The  Requirements  Group  compares  gross  requirements  for  engine 

and  spare  parts  to  quantities  on  order  and  determines  net  orderiug 
requirements  for  raw  material,  purchased  parts,  and  shop-made  parts 

5.  Where  part  requirements  exceed  the  amount  of  orders  placed  for 
raw  material  or  purchased  parts,  the  Requirements  Group  issues 

a  Request  lor  Purchase  Order  (RPO)  for  the  net  requirement.  Re¬ 
quirements  are  scheduled  by  the  appropriate  lead  time. 

6.  Where  part  requirements  exceed  the  amount  of  orders  placed  for 
shop-made  parts,  the  Requirements  Group  issues  a  shop  release 

for  the  net  requirement.  Requirements  are  scheduled  by  the  appro¬ 
priate  lead  time. 


Pigura  22.  Hunt  factor  in*  Plow  Chart 
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Figure  23.  Connecticut  Production  Control  FD  17593 

Organization  VG 

2.  Application  of  Electronic  Data  Processing  Techniques 

Materials  Accounting  issues  a  weekly-updated  schedule  that  has 
significantly  reduced  the  leac  time  required  to  generate  net  requirement 
schedules.  The  weekly  updating  of  requirements  is  important  because  more 
than  1800  schedule  changes  per  week  presently  affect  production  requirements. 
Engineering  Design  Changes,  source  changes,  raw  material  changes,  lead 
time  changes,  and  changes  in  scheduled  quantities  all  affect  the  requirements 
schedule.  The  use  of  HAMAC  files  for  the  storage  of  schedule  information 
can  allow  the  incorporation  of  last-minute  changes  into  the  schedule. 

3.  Release  of  Orders 

Shop  Orders  that  are  issued  by  the  Requirements  Group  are  forwarded 
to  the  Parts  Control  Group  of  the  Materials  Department.  The  Parts  Control 
Group,  guided  by  the  Raw  Material  Release  Schedule,  releases  raw  material 
to  the  production  departments  for  the  beginning  of  engine  part  manufacturing. 
The  proper  timing  of  shop  releases  has  an  important  bearing  on  the  size 
of  inventories,  the  availability  of  parts,  and  the  overall  economy  of  the 
shop  operations.  A  data  processing  program  analyzes  scheduled  require¬ 
ments,  set-up  costs ,  and  inventory  carrying  costs  and  then  calculates  the 
economic  production  lot  sizes  for  the  majority  of  detail  parts  to  be 
produced. 

4.  Progress  Reporting 

The  following  sources  of  information  are  available  to  alert  Production 
Control  management  to  areas  where  actual  progress  is  behind  planned 
production: 

a.  Shortage  Lists 

(1)  The  Net  Shop  Parts  Delivery  Schedule 
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This  schedule  shows  net  monthly  requirements  for  Pratt  &  Whitney 
Aircraft  manufactured  parts.  The  schedule  is  updated  weekly  to  ensure 
timely  information.  Parts  that  have  not  been  delivered  on  schedule  are 
listed. 

(.  )  The  Net  Purchase  Parts  Delivery  Schedule 

This  listing  provides  the  schedule  of  monthly  purchased  parts  delivery 
requirements  and  also  lists  parts  that  have  not  been  delivered  on  schedule. 

(3)  The  Raw  Material  Delivery  Schedule 

This  schedule  designates  the  additional  quantities  of  raw  material 
required  to  satisfy  production  needs. 

_ 

(4)  The  Raw  Material  Release  Schedule  ' 

This  schedule  designates  the  quantities  of  raw  material  to  be  released 
from  inventory  for  use  in  production. 

(5)  The  5-Day  Shortage  Report 

Lists  of  net  part  requirements  for  assonbly  of  engines  in  the  following 
5-day  period  are  issued  daily.  These  lists  contain  information  on  the 
status  of  the  required  parts. 

(6)  The  30-Day  Shortage  Report 

Lists  of  net  part  requirements  for  the  assembly  of  engines  in  the 
following  4-week  period  are  issued  semi-weekly. 

b,  PERT  System  Control 

The  PERT  group  is  responsible  for  establishing  PERT  networks  used  to 
control  the  initial  production  of  the  JTF17  engines.  The  production 
networks  include  a  high  level  of  detail  covering  the  provision  of  tooling, 
the  development  of  operation  sheets,  the  procurement  of  raw  material,  and 
the  manufacture  of  engine  partB  and  assemblies.  Weekly  reports  are  Issued 
to  indicate  the  potential  trouble  areas  Identified  by  PERI  analysis.  Line 
of  balance  analysis  is  used  to  follow  new  programs  beyond  the  delivery  of 
the  first  engine  and  through  the  Initial  months  of  production. 

c.  Special  Parts  Control 

The  Production  Manager's  staff  will  maintain  special  surveillance  of 
critical  production  parts  and  assemblies  following  the  end  of  PERT  and  Line 
of  Balance  reporting.  On  these  items,  close  followup  and  control  of 
promised  delivery  dates  provide  the  basis  for  spotting  trouble  areas 
before  the  difficulties  result  in  overdue  parts. 


VG-44 


Pratt  a  Whitney  Pircraft 

PWA  FP  66-100 
Volume  V 

D,  MATERIAL  CONTROL,  CONNECTICUT  OPERATIONS  (SEE  FIGURE  24  FOR  WORK  FLOW) 

1.  Dispatching 

The  Dispatching  Group  is  responsible  for  controlling  the  flow  of 
material  through  the  production  areas  from  raw  material  stores  to  finish 
part  stores.  Dispatching  maintains  control  of  work  in  process  to  ensure 
that  material  not  only  is  started  into  production  .ac  the  proper  time, 
but  also  is  processed  through  the  required  series  of  operations  at  a 
rate  which  will  ensure  the  delivery  of  finished  parts  at  the  scheduled 
time  and  in  a  manner  that  will  provide  for  efficient  utilization  of 
production  resources. 

2.  Engineering  Change  Control 

The  Material  Planning  Group  of  the  Materials  Department  is  responsible 
for  the  integration  of  Engineering  Change  Designs  into  the  flow  of  material 
through  the  Manufacturing  Department.  The  Materials  Planning  Group  reviews 
all  Engineering  Changes,  determines  their  impact  on  material  inventories, 
and  schedules  the  time  of  change  incorporation.  This  group  ensures  that 
requirements  for  superseded  parts  are  cancelled,  new  parts  reordered,  and 
that  raw  material  requirements  are  adjusted  in  accordance  with  the  instruc¬ 
tions  on  the  Engineering  Change. 

3.  Work  in  Process  Information 

Work  in  process  control  systems  in  each  of  the  detail  manufacturing 
areas  maintain  current  information  on  the  location  of  material  in  produc¬ 
tion.  These  systems  utilize  electronic  data  collection  equipment  to 
record  the  completion  of  each  operation  on  each  lot  of  work  in  process. 

Data  processing  techniques  are  used  extensively  throughout  the  production 
control  information  system  in  order  to  permit  the  whole  system  to  react 
to  changing  requirements.  Figure  24  shows  the  flow  of  retirements  in¬ 
formation  through  the  scheduling  system  into  the  work-in-process  control 
system,  thus  generating  reports  for  the  use  of  Dispatching  such  as: 

1.  Foreman's  Priority  Report,  issued  daily 

2.  Performance  Reports,  issued  weekly 

3.  Machine  Load  Forecast,  issued  weekly 

4.  Raw  Material  Shortage,  issued  weekly 

5.  Work  in  Process  Inventory  Status^  issued  daily. 

4.  In-Plant  Traffic,  Shipping,  and  Receiving 

Movement  of  materials  throughout  the  plant  is  directed  by  a  Movement 
Control  Center.  The  Materials  Department  also  controls  the  receipt  of 
material  into  the  plants  and  the  shipment  of  parts  and  material  to  other 
locations.  Complete  records  of  material  movements  are  maintained  as  part 
of  the  company-wide  material  control  system. 
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5.  Materials  Scores 

The  Materials  Stores  Group  is  responsible  for  the  storage  of  raw 
material  and  finished  parts.  Another  function  of  this  group  is  the  pack¬ 
aging  and  preservation  of  spare  parts.  The  Inventory  Group  takes  periodic 
inventories  of  raw  material,  work-in-process,  and  finished  parts  to 
reconcile  inventory  records  with  material  on  hand. 


Figure  24.  Manufacturing  Department  Material 
Control  System 
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E.  PROCUREMENT,  FRDC  AND  CONNECTICUT  OPERATIONS 

The  Pratt  &  Whitney  Aircraft  Purchasing  Department  is  responsible  for 
on-schedule  delivery  of  quality  subcontractor  hardware,  at  a  reasonable 
cost.  A  detailed  description  of  procurement  procedures  is  included  in 
Report  E. 
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A.  DEVELOPMENT 

1.  Design  Information  and  Parts  Manufacture 

To  implement  construction  of  the  first  development  engine  in  Phase  III 
preliminary  engine  layouts  have  been  reviewed*  From  thia  review  and  experi¬ 
ence  in  manufacturing  the  similar  demonstrator  (Phase  Il-C)  engines,  long 
lead  time  material  weight  and  ingot  size  requirements  have  been  determined. 
Make-buy  decisions  for  major  parts  have  been  made  where  demonstrator  engine 
tooling  exists  and  may  be  used  as-is  or  converted  in  whole  or  in  part. 

(See  table  1.)  Quantities  of  major  parts  required  for  new  development 
engines  and  test  support  have  been  estimated  through  1969  and  shop  loading 
figures  have  been  completed  by  considering  all  programed  manhours  for 
major  parts  for  all  development  engines  and  rigs  with  allowances,  supported 
by  experience,  for  manhours  for  minor  parts,  alternate  designs,  engineering 
changes,  and  parts  reoperations  following  engine  test.  Schedules  have  been 
established  for  both  "make"  and  "buy"  major  parts  for  final  raw  material 
requirements  releases,  layouts,  and  design  releases  for  the  fourth  develop¬ 
ment  engine.  (See  figure  2.) 

Tooling  studies  by  Process  Planning  and  Tool  Design  will  start  from 
preliminary  parts  layouts  by  1  October  1966,  as  will  subcontractor  coordi¬ 
nation.  Producibility  studies  have  begun  and  '  'll  continue  through  design 
release.  Upon  release  of  major  parts,  the  Materials  Department  will  prepare 
PERT  networks  and  Process  Planning  will  complete  operation  sheets  to  be 
followed  by  Tool  Design.  PERT  charts  show  required  dates  for  raw  materials, 
tools,  details,  subassemblies  and  final  assembly,  and  machining.  The  engine 
assembly  has  been  sequenced,  with  required  time  of  parts  availability. 

(See  figure  25.)  This  will  be  updated  as  required. 

2.  Manpower,  Training,  and  Hiring  (See  Volume  V,  Report  J,  Resources) 


Manpower  requirements  have  been  forecast  in  all  departments  for  this 
program  and  others.  Where  additional  employees  will  be  required,  it  has 
been  determined  that  such  growth  is  entirely  feasible.  Though  forecasted 
expansion  in  the  number  of  skilled  hourly  personnel  is  not  great,  very  recent 
hiring  experience  strengthens  F&WA's  position  relative  to  training  new 
employees  in  F&HA  schools.  Approximately  75  to  80%  of  the  skilled  hourly 
employees  added  for  expansion  and  to  offset  attrition  will  be  trained 
at  FRDC.  Existing  training  facilities  will  be  Increased  in  1967  to  attain 
the  required  output. 

The  manufacturing  shops,  starting  with  725  skilled  mechanics  end  machinists 
at  the  end  of  1966,  will  employ  825  by  the  end  of  1967  and  900  by  the  close 
of  1968  end  through  1969,  when  FRDC's  SST  manufacturing  program  will  peak. 

The  plan  to  hire  20  to  25%  of  this  increase  is  supported  by  the  recent  hiring 
experience  from  September  1965  to  April  1966  for  shop  expansion. 
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Figure  25.  JTF17  Assembly  Lead  Times-Initial  FD  17597 

Build  of  Typical  Development  Engine  VG 


The  Assembly  Department  will  expand  from  the  1966  level  of  approxi' 
mately  260  mechanics  to  250  in  1967,  290  in  1968,  and  350  in  1969,  These 
employees  will  satisfy  the  requirements  of  all  development  programs  and 
delivery  of  four  ground  test  engines  and  mockups. 

The  Quality  Assurance  Department  will  require  10*  growth,  an  addition 
of  25  employees,  by  January  1968.  This  represents  the  peak  development 
effort. 

The  number  of  development  teat  mechanics  and  operators  will  increase  by 
approximately  200  employees. 

3.  Facilities  (See  Volume  V,  Report  B,  Facilities  Flan) 

Existing  facilities  have  been  examined  comple tely  for  additional 
capacities  or  capabilities  required  by  the  addition  of  the  engine  design 
and  teat  plan  requirements  of  the  8ST  program  to  other  developemnt  programs. 
Studies  have  progressed  sufficiently  to  allow  determination  of  extent,  loca¬ 
tion,  and  basic  construction  of  building  additions.  Architectural  and 
Engineering  work  is  expected  to  start  by  late  1966  and  be  completed  by  early 
1967.  Actual  construction  will  have  been  completed  by  early  1968. 

All  additional  (or  modifications  of  existing)  test  stands  have  been 
specified,  and  detailed  schedules  fo.'  design,  equipment  procurement, 
build,  and  checkout  have  been  established  as  shown  in  Volume  V,  Report  B. 
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Requirements  for  additional  machine  tools  to  increase  capacity  have 
been  established.  Where  specifications  are  required,  these  have  been 
completed.  Coordination  with  machine  tool  manufacturers  of  specifications, 
accessories,  prices,  and  deliveries  has  been  accomplished.  The  first  year 
of  the  Phase  III  Development  Test  Plan  specifies  a  buildup  to  six  engines; 
this  will  not  overtax  existing  facilities  with  the  planned  make-bir  ratios. 
Additional  capacity  will  be  required  in  1968  when  the  Test  Plan  calls  for 
12  active  engines.  Quoted  machine  tool  deliveries  will  be  compatible 
with  program  buildup. 

4.  Organization 

Basic  changes  in  organization  as  a  result  of  SST  development  are  not 
necessary  within  Manufacturing,  Test,  and  Quality  Assurance. 

B.  PRE-FTS  AND  PROTOTYPE  DELIVERY 

1.  Design  Information  and  Parts  Manufacture 

The  manufacturing  lead  time  for  the  four  pre-FTS  engines  in  April 
and  May  of  1969,  and  for  the  prototypes  in  the  last  half  of  1969,  has 
been  calculated  to  be  approximately  IS  months  after  the  release  of  the 
bill  of  materials.  Schedules  have  been  established  for  raw  material 
procurement,  manufacturing  studies  including  operation  sheets  and  tool 
designs,  major  parts  procurement  from  subcontractors,  tool  procurement, 
parts  manufacutre,  inspection,  engine  assembly,  and  test.  (See  figure  3.) 

For  the  engine  build  and  test  cycle,  see  figure  26. 


0  10  20  30  40  80  00  70 
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Figure  26.  Prototype  JTF17  Build  Cycle  FD  17595 

VG 
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2.  Manpower  (See  Volume  V,  Report  J  (Resources).) 

Plans  have  been  completed  for  the  manpower  expansion  necessary  to 
implement  delivery  of  the  pre-FTS  and  prototype  engines.  These  plans 
cover  skills,  numbers  of  employees,  and  methods  of  recruiting  employees. 

A  new  department  for  the  SST  program,  Delivery  Materials  Control,  will 
required  25  employees,  with  a  nucleus  being  drawn  from  Project  Materials 
Control  (Development)  and  the  others  hired  and  trained.  Assembly  will 
require  100  additional  employees,  to  be  produced  by  P&WA's  training  organ 
ization,  by  1969.  totality  Assurance  will  acquire  130  new  employees  by 
January,  1969,  and  Test  will  add  one  crew  of  twelve  test  mechanics. 

3.  Facilities  (See  Volume  V,  Report  B.) 

A  new  department  for  the  SST  program,  Jet  Engine  Delivery  Assembly, 
will  be  operational  by  1  January  1969,  with  the  actual  space  being 
available  by  mid-1968  at  the  latest.  All  equipment  for  this  facility 
has  been  specified,  and  procurement  and  installation  lead  times  should 
present  no  problems.  Two  sea  level  test  stands  will  become  available, 
one  in  1968  and  one  in  1969,  for  FRDC  delivery  items  and  product  support. 

4.  Organization 

Planned  additions  to  the  existing  organisation  are  the  Delivery 
Materials  Control  Department  and  Jet  Engine  Delivery  Assembly.  The 
structures  of  these  two  departments  are  planned  to  be  the  same  as 
those  of  departments  in  existence  for  Rocket  Engine  Delivery.  All 
existing  delivery  procedures  are  available  for  use  by  the  new  departaienta 
Delivery  Materials  Control  will  be  organised  in  December,  1967  and  fully 
mani.wd  by  April,  1968.  Jet  Engine  Delivery  Assembly  will  begin  organiza¬ 
tion  in  September,  1968  end  be  fully  operational  by  January,  1969. 

Quality  Assurance  and  Test  are  presently  organised  to  accomplish  the 
delivery  tasks. 

C.  PRODUCT  SUPPORT  AT  FRDC 

1.  Planned  Turnaround  Cycle  (See  figure  27.) 


2.  Manpower 

From  the  estimated  number  of  engine  overhauls  (including  pre-FTS 
conversions  to  prototypes)  and  experience  in  other  jet  engine  programs, 
the  manpower  requirements  have  been  determined  for  Assembly  end  Quality 
Assurance.  These  requirements  are  included  in  the  figures  given  for 
the  delivery  task  since  Delivery  end  Product  Support  activities  overlap. 
The  employees  added  In  the  Test  and  Delivery  Mater Isis  Control  Department 
for  the  pre-FTS  and  prototype  engine  deliveries  will  also  be  responsible 
for  Product  Support  activities. 
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Figure  27.  Typical  Overhaul  Cycle  for  JTF17  FD  17596 

Prototype  or  Production  Bnginea  VG 

at  FRDC 

3.  Facilities  (See  Volume  V,  Report  B.) 

The  assembly  and  test  facilities  planned  for  delivery  of  pre-FTS 
and  prototype  engines  satisfy  the  requirements  of  the  Product  Support 
task.  To  increase  capacity  for  incorporation  of  changes  and  for  part 
repairs,  it  is  planned  to  add  18  machine  tools  to  the  Construction  Shops. 
Since  first  need  will  be  in  September  1969,  there  will  be  more  than  adequate 
time  for  procurement  and  installation.  All  machine  tool  vendors  are  now 
being  contacted  for  coats,  procurement  times ,  and  special  c pacifications 
and  accessories. 

4.  Organisation 

No  organisational  changes  are  planned  beyond  th^se  already  made  for 
the  pre-FTS  and  prototype  engine  delivery  assignment. 

0.  PRODUCTION  -  PHASE  V 

1,  Design  Information  and  Manufacturing  Planning 

The  production  bill  of  materials  will  be  rale*  ed  approximately  two 
years  prior  to  the  first  angina  delivery.  Planning,  including  final 
produciblllty  studies  and  resulting  changes,  is  shown  in  figure  4. 

During  the  first  stages  of  manufacturing  for  a  production  engine 
program,  the  production  departments  frequently  require  assistance  from 
other  departments  bee suae  of  the  problems  inherent  in  the  initial  pro¬ 
duction  of  parte  and  because  of  changes  in  design  causing  short  lead 
clams.  The  semi -protection  departments  in  Seat  Hartford  (Department  96, 
Machining,  and  Department  97,  Sheet  Metal)  are  organirtd  for  small  lot 
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production  of  parts  using  a  minimus.  of  tooling.  These  departments  will 
temporarily  assume  the  responsibility  for  performing  operations  on 
problem  parts.  The  second  source  of  assistance  will  be  FRDC  Manufacturing 
and  the  subcontractors  who  have  been  making  parts  for  the  prototype 
engines.  The  overlap  in  the  timing  of  the  prototype,  overhaul,  and  pro¬ 
duction  engine  programs  will  enable  FBDC  to  assist  in  the  early  stages 
of  the  production  engine  program.  As  required,  the  tooling  and  experience 
developed  for  the  prototype  engine  production  will  be  utilized  to  assist 
the  production  departments. 

Preliminary  planning  for  JTF17  engine  production  extends  several 
years  ahead  of  the  formal  release  of  the  production  bill  of  material  to 
the  Manufacturing  Department.  Preliminary  planning  of  manufacturing 
processes  has  been  completed  on  a  detailed  level  to  develop  time  estimates 
and  to  guide  the  selection  of  sources.  Master  planning  summaries  of 
operations  have  been  developed  for  a  majority  of  potential  shop-sourced 
parts.  An  analysis  of  manufacturing  lead  times  for  the  major  case 
aa<*ciiiblles  has  been  conducted  by  the  PERT  Group. 

2.  Manpower  (See  Volume  V,  Report  J  (Resources).) 

The  manpower  required  by  forecasted  engine  delivery  schedules  will 
be  available.  Engine  assembly  mechanics  from  the  Connecticut  operations 
will  be  trained  by  the  FRDC  during  the  delivery  of  prototype  engines. 

3.  Organization 

Basic  changes  are  not  required.  A  Production  Program  Manager  will  be 
appointed  approximately  two  years  prior  to  the  first  engine  delivery. 

4.  Facilities  (See  Volume  V,  Report  B.) 

Additional  facilities  beyond  test  stand  modification  are  not  required. 
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SECTION  VII 
PRODUCIBILITY 


A.  GENERAL 

A  producible  design  requires  a  cooperative  effort  by  Manufacturing, 
Engineering,  Design,  and  Quality  Assurance  to  assure  a  constant  surveillance 
of  design;  application  of  optimum  manufacturing  methods,  process  develop¬ 
ment,  and  refinement;  and  advantageous  selection  of  materials. 

The  effort  to  create  an  engine  design  capable  of  being  produced  and 
adaptable  to  manufacture  by  available  techniques,  equipment,  and  tolerances 
begins  early  in  the  design  stage.  As  first  layouts  progress,  manufactur¬ 
ing  representatives  initiate  design  review;  throughout  the  subsequent 
stages  of  development  and  prototype  and  initial  production,  continuous 
contact  is  maintained,  and  mechanical  design  and  required  manufacturing 
processes  are  jointly  surveyed,  by  manufacturing  and  quality  personnel. 

The  activities  ot  the  involved  groups  and  areas  of  responsibilities 
are  briefly  discussed  in  the  following  paragraphs. 

B.  PRODUCIBILITY  PRIOR  TO  DESIGN  RELEASE 

Basic  Design  philosophy  permits  the  maximum  tolerance  possible  in  a 
part  consistent  with  the  functional  requirement.  However,  to  achieve 
maximum  producibility,  Design  must  have  access  to  information  about  the 
weldability,  machineability,  formability,  and  forgeability  of  materials, 
as  well  as  information  on  the  utilisation  and  flexibility  of  available 
equipment.  Hardware  is  theoretically  designed  for  maximum  producibility 
at  the  eventual  production  source.  Data  regarding  producibility  of 
materials  are  always  available  to  the  designer,  but  the  designer  depends 
or  the  following  agencies  to  supplement  this  information: 

1.  Project  Materials  Control 

The  JTF17  Project  Materials  Control  Supervisor  chairmans  the  develop¬ 
ment  producibility  team.  Besides  being  responsible  for  the  development 
and  prototype  Value  Engineering  input  for  the  Manufacturing  Department, 
the  Materials  Control  Supervisor  is  also  responsible  for  offering  reeom- 
mendat ions  that  will  yield  the  best  manufacturing  possibility.  Assisted 
by  Purchasing,  through  direct  subcontractor  contact,  and  Procss  *  Planning 
Supervisors,  the  supervisor  provides  Design  with  knowledge  of  specialise!' 
vendor  manufacturing  techniques ,  material  availability  predictions 
mechanical  design  recommendations ,  and  engine  assembly  techniques. 

2.  Quality  tngiaaering 

Producibility  evaluation  is  part  of  the  quality  program,  beginning 
with  the  development  phase  and  continuing  through  all  following  phases. 
Quality  Engineering  reviews  all  layouts  and  determines  if  necessary 
nondestructive  teste  and  dimensional  inspections  c&c  be  performed,  vpon 
finding  a  problem  resulting  from  the  manner  in  which  Engineering  bat 
specified  dimensioning  or  processing.  Quality  Engineering  requests  a 
revision  so  that  inspection  may  positively  assure  part  compliance  with 
the  requirements.  V6»53 
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3.  Process  Planning  Engineering  at  the  Florida  Research  and  Development 
Center 

A  group  of  Senior  Process  Engineers,  experienced  in  jet  engine  manu¬ 
facturing  techniques,  has  the  responsibility  for  studying  preliminary  designs 
and  offering  mechanical  design  recommendations  to  permit  production  by  avail¬ 
able  techniques,  The  recommendations  of  this  group  are  based  on  manufacturlnf 
knowledge  and  experience  averaging  more  than  25  years  per  man.  These  Senior 
Process  Engineers  report  to  Process  Planning  Superviso**  who  serve  on  the 
Produclbillty  Committee  coordinated  by  the  Project  Material  Control  Supervisor 

4.  Purchasing 

Airchaslng  provides  liaison  to  potential  subcontractors  for  the  item 
designated  "buy"  and  solicits  fabrication  recommendations  from  these  sub¬ 
contractors,  which  are  screened  and  weighed  by  Project  Materials  Control 
(PMC).  EMC  Engineers  and  Planning  Engineers  take  field  trip*  is  required  to 
survey  vendor  facilities,  lew  methods,  and  weigh  suggestions. 

5.  Production  Engineering  at  Connecticut 

The  FRDC  Value  Engineering  Group  (see  Volume  IV,  Report  F,  Section  IV) 
forwards  all  drawings  of  proposed  production  engine  components  to  Production 
Engineering  in  Connecticut  to  review  for  Value  Engineering  and  produclbillty. 
Recommendations  and  comments  are  based  on  production  quantity  and  manufacturing 
and  fabrication  techniques  projected  ch rough  the  production  period.  Value 
Engineering  forwards  the  recommendations  to  Design  af  ;r  review  by  the  Design 
Analytical  Group. 

6.  Project  Engineering,  Development  Manager 

Conflicts  between  the  Produclbillty  team  and  Design  are  resolved  by  the 
JTF1?  Development  Manager,  who  la  responsible  for  final  design.  The  Product-  * 
bility  team  may  suggest  a  temporary  alternate  course  based  on  the  difference 
between  development  id  prototype  requirement*  and  production  needs. 

C.  PRODUCT BILITY  ACHIEVED  AREA  DOMING  RELEASE 

1.  Quality  Engineering 

Quality  Engineering  prepares  totality  Assurance  Data  Sheets  and  Inspection 
Methods  Sheets  after  release  of  detailed  drawings .  If  a  problem  is  found 
while  the  sheets  are  being  written.  Quality  Engineers  initiate  a  drawing 
change  request. 

2.  Project  Materials  Control 

Fabrication  problems  may  occur  after  release  of  orders  to  subcontractors 
and  for  in -house  manufacture.  RC  Engineers  must  separata  problems  which  are 
part  of  the  "learning  curve"  from  those  which  affect  productivity.  Purchas¬ 
ing  and  Process  Planning  continually  feed  back  information  requ'ted  to  reach 
rfcese  decisions.  Ilien  required,  a  request  for  change  in  design  is  processed 
to  allow  maximum  part  proiucibility. 


VO- 54 


Pratt  a  Whimsy  Aircraft 

PWA  FP  66-100 
Volume  V 


3.  Ir.apact  ton 

Experimental  Inspection  and  Delivery  Inspection  refer  inspection  problems 
and  nonconformances  that  are  discovered  during  performance  of  an  Inspection 
operation  to  Quality  Engineering  and  Quality  Review,  respectively.  Quality 
Engineering  initiates  a  change  request  to  the  drawing  or  specification  as 
needed.  Quality  Review  investigates  each  deviation  to  determine  the  corrective 
action  necessary  to  prevent  recurrence  and  initiates  a  drawing  or  specifica¬ 
tion  chat.ge  request  if  necessary  because  of  marginal  producibility. 

4.  Production  Engineering  and  Purchasing  at  Connecticut 

Production  Engineering  prepares  the  operation  3heets  for  parts  manu¬ 
factured  inhouse.  Purchasing  solicits  manufacturing  suggestions  for  pro¬ 
cured  items.  Design  changes  to  facilitate  manufacture  are  coordinated 
through  the  Engineering  Liaison  Representative,  and  if  feasible,  a  drawing 
change  is  processed. 

5.  General  Policy 

Information  on  deviate  shop-made  material  is  reported  to  shop  supervision, 
and  information  on  such  purchased  material,  is  forwarded  to  the  subcontractor 
through  Purchasing.  Thus,  process  and  equipment  capabilities  can  be  evaluated 
and  correlated  against  recurring  deviations. 

D.  PRODUCIBILITY  -  MATERIALS,  PROCESSES,  AND  ADVANCED  TECHNOLOGY 

Substantiating  information  for  these  factors  is  contained  in  Volume  III, 
Report  F  (Manufacturing  Techniques  and  Materials). 

a.  PRODUCIBILITY  -  EQUIPMENT 

1.  FRDC  and  Subcontractors 

A  general  description  of  the  versatile  manufacturing  equipment  in  the 
FRDC  shops  is  contained  in  Section  IV.  A  complete  list  of  manufacturing 
tools  at  the  FRDC  and  at  some  of  P&WA's  commonly  used  subcontractors  is 
contained  in  Volume  V,  Report  B.  Table  1  lists  additional  job  shop  equip¬ 
ment  proposed  to  give  the  required  development  hardware  producibility. 

2.  Connecticut  Facility 

Pratt  &  Whitney  Aircraft  has  been  active  in  the  development  of  new 
concepts  of  machining  tooling  for  those  processes  unique  to  the  fabrication 
of  gas  turbine  engine  parts.  Examples  are  center-drive  lathes  for  simul¬ 
taneously  turning  contours  on  both  sides  of  turbine  and  compressor  disks, 
vane  stabbing  machines  to  pierce  through  shrouds,  special  induction  equip¬ 
ment  for  brazing  fuel  manifolds,  three-wheel  grinders  for  forming  turbine 
blade  tips,  vacuum  bag  injection  to  bond  fiberglass  onto  wear  surfaces  of 
shrouds  and  ducts,  and  a  multi-spindle  tape-controlled  drilling  machine  to 
drill  the  complex  hole  pattern  required  in  oil-cooled  headers  and  baffles. 

Some  of  the  more  standard  modern  machines  in  regular  use  at  Pratt  &  Whitney 
Aircraft  are  electron  beam  welders,  five-axis  numerical  control  machines, 
and  electrochemical  and  electrical  discharge  milling  machines. 
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Numerically  controlled  machine  tools  have  been  used  in  production  at 
Pratt  &  Whitney  Aircraft  for  eight  years.  Is  that  time,  Che  number  of 
point-to-point  and  continuous  path  machines  has  increased  to  148,  with 
another  52  on  order.  Numerical  control  machines  eliminate  the  need  for 
elaborate  jigs  and  fixtures,  machine  with  excellent  repeatability  and 
consistent  accuracy,  lower  tool  costs,  increase  productivity,  reduce  scrap, 
shorten  lead  time* ,  and  improve  quality. 

A  selection  of  modern  manufacturing  techniques  with  the  application  to 
Che  production  of  JTF17  engine  parts  is  included  in  Appendix  A,  with  photo¬ 
graphs  of  the  machines  and  processes. 
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SECTION  VIII 

MANUFACTURING  RESEARCH  AND  DEVELOPMENT  OF  NEW  TECHNIQUES 


Flexibility  is  required  by  the  designer  and  the  metallurgist  in  choosing 
materials  and  structural  designs.  Advancing  the  state  of  the  metal-forming 
and  metal- joining  arts  provides  economic  production  and  also  increases  the 
designer's  freedom, since  the  designer  may  choose  unusual  and  intricate  shapes 
utilizing  varied  processes  and  materials  to  fashion  economical  and  durable 
parts  with  the  lightest  possible  weight. 

To  develop  advanced  manufacturing  techniques,  to  find  and  improve  methods 
for  processing  new  materials,  and  to  achieve  maximum  refinement  of  these 
techniques  and  processes,  Pratt  &  Whitney  Aircraft  manufacturing  organiza¬ 
tions  have  distinct  departments  with  the  functions  of  (1)  basic  research, 

(2)  application  to  development  programs,  and  (3)  refinement  in  production 
for  maximum  quality  and  minimum  cost. 

At  FRDC,  the  Fabrication  Research  Department  under  the  direction  of  the 
Chief  of  Construction  performs  the  first  of  these  functions,  and  at  the 
Connecticut  operation,  a  department  within  Experimental  Construction  performs 
the  similar  function.  These  two  groups  are  in  close  contact  to  complement 
each  other  and  avoid  duplication  of  effort.  Fabrication  Research  is  staffed 
with  engineers  and  technicians  having  a  wide  variety  of  knowledge  and  skills 
related  to  materials  and  processing  methods,  such  as  metallurgy,  welding, 
brazing,  machining,  forming,  coating,  and  heat-treating.  The  results  of  the 
research  projects  are  incorporated  in  standard  report  form. 

The  second  step  in  the  development  of  a  new  manufacturing  technique  is 
the  application  of  the  technique  to  development  hardware  by  the  Experimental 
Construction  Process  Planning  Department  and  the  Experimental  Shops  which  use 
the  Fabrication  Research  reports  for  guidance.  This  function  is  accomplished 
within  Pratt  &  Whitney  Aircraft,  both  at  the  FRDC  and  at  the  Connecticut 
operations.  Throughout  the  development  manufacturing  cycle,  the  activity  is 
monitored  by  Fabrication  Research,  Process  Planning,  and  Manufacturing  to 
refine  critical  and  unique  methods  and  to  provide  updated  data  to  Production 
Engineering  at  the  Connecticut  operations.  On  the  basis  of  these  data  and 
after  other  independent  work,  Production  fulfills  the  third  function, 
economical  application  under  full  control  to  production  engine  hardware. 

Production  Engineering  at  the  Connecticut  operations  has  established 
several  development  groups  responsible  for  creating  and  refining  new  production 
techniques,  design  of  new  and  specialized  machines,  and  adaptation  of  special 
experimental  processes  to  production  demands.  Fabrication  Research  at  the 
FRDC  and  the  Experimental  Department  of  the  Connecticut  operations  maintain 
constant  contact  and  idea  exchange  to  assure  a  maximum  effort  to  achieve 
qualify  at  minimum  cost. 

The  Welding  Development  group  is  primarily  concerned  with  the  testing, 
development,  and  evaluation  of  new  methods,  techniques,  and  equipment  for 
welding,  brazing,  and  surface  coating  of  urbine  engine  parts.  Every  sig¬ 
nificant  metal  joining  process  is  available,  from  metalic  arc  welding  to 
electronically  controlled  fusion  and  resistance  welding  equipment.  In 
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addition  to  providing  the  necessary  assistance  to  the  smms  lecturing  depart- 
sent,  this  group  assists  the  design  engineering  department  in  the  selection 
and  design  of  fabrication  methods  for  parts  on  current  and  future  engine 
programs . 

The  Methods  Development  group  is  responsible  for  the  investigation  and 
development  of  new  machining  processes  and  equipment  for  application  to 
production  work.  Methods  Development  is  cognizant  of  such  net?  methods  of 
machining  as  electrochemical  ar.d: electrodischarge  machining,  flowturning, 
tube  drawing,  and  similar  nonconventi&nal  processes.  Kew  methods  of 
machining  are  developed  on  a  project  basis  and,  after  &  pilot  lot  run  has 
been  successfully  completed,  are  turned  over  to  production  for  process 
application.  Besides  supporting  processing,  the  Methods  Development  group 
is  also  concerned  with  developing  superior  tools  for  cutting  the  hew,  tougher 
materials  required  in  the  •ffltnufacture  of  many  critical  turbine  engine  parts. 

The  Equipment  Development  and  Standardization  group  is  responsible  for 
the  design  and  development  of  special  machines  and  related  equipment  for 
production  application.  This  group  des'gns  and  modifies  major  chip-forming 
machining  equipment  required  for  drilling,  milling,  turning,  and  grinding, 
as  well  as  non-chip  producing  machines  and  equipment  related  to  electro¬ 
chemical  and  electrical  discharge  machining  (ECU  and  EDM),  electron  beam 
welding.  Induction  brazing,  riveting,  flame  cutting,  chemical  milling,  and 
heat-treating.  Besides  providing  production  with  the  design  and  modification 
of  new  equipment  for  new  manufacturing  techniques,  this  group  is  also 
responsible  for  the  development  of  tapes  for  numerically  controlled  machines 
and  for  the  standards  on  tools ,  materials,  and  equipment  used  at  Pratt  & 
Whitney  Aircraft. 

The  Chemical  and  Metallurgical  Development  group  investigates  new 
processes  involving  the  use  of  chemical  or  thermal  treatment.  Adapted 
processes  are  finalized  by  the  issuance  of  Process  Procedures. 

Pratt  &  Whitney  Aircraft  is  an  industry  leader  in  the  invention, 
development,  and  application  to  production  of  new  manufacturing  techniques. 

In  addition  to  expenditures  on  conventional  machining  equipment,  Pratt  & 
Whitney  Aircraft  has  spent  over  $25,000,000  in  acquiring  200  numerical  con¬ 
trol  machines  and  31  pieces  of  related  production  equipment.  Pratt  &  Whitney 
Aircraft  has  also  establish..  dDM  center  consisting  of  31  electro¬ 

chemical  and  electrodischarge  stow  ies  devoted  to  production  work. 

For  further  description  of  the  development  of  manufacturing  techniques 
and  controls,  refer  to  Volume  III,  Report  F,  Section  I  (Materiel  Processing 
and  Fabrication  Techniques). 
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SECTION  IX 

SUBCONTRACTOR  REQUIREMENTS  IN  SUPPORT  OF  THE  PROTOTYPE 
AND  PRODUCTION  PROGRAM  COMPONENT  PROCUREMENT 


A.  VENDOR  SELECTION  OF  SUBCONTRACTOR-DEVELOPED  COMPONENTS 

Refer  to  Volume  III,  Report  B  (Engine  Design)  and  Volume  IV,  Report  E 
(Test). 

B.  SCHEDULING  OF  SUBCONTRACTOR-DEVELOPED  COMPONENTS 


Fuel,  hydraulic,  and  ignition  systems  components  are  scheduled  on  the 
basis  of  the  total  lead  time  required  at  the  subcontractor  plus  bench  test 
calibration  time  at  Pratt  6c  Whitney  Aircraft.  Production  and  prototype 
scheduling  groups  supply  the  component  procurement  requirements  that  will 
meet  the  engine  quantities  to  the  Pratt  6c  Whitney  Aircraft  Purchasing 
Department.  Purchasing  -  subcontractor  negotiations  establish  the  lead 
times  on  procurement  of  castings,  machining,  and  assembly  and  test  times 
to  establish  the  total  lead  time.  Purchasing  releases  purchase  orders 
and  delivery  dates  based  upon  these  lead  time  requirements.  Delivery 
requirements  from  vendors  are  modified  by  purchase  order  supplements  if 
needed  to  meet  changes  in  engine  schedules. 


After  release  of  the  prototype  or  production  parts  list,  the  following 
lead  times  are  estimated  for  the  longest  lead  time  control  component,  the 
unitized  fuel  and  area  control: 


Fabrication  of  complete  set  of  parts 
Completion  of  assembly 

Completion  of  vendor  production  acceptance 
testing 

Completion  of  Pratt  6i  Whitney  Aircraft 
production  acceptance  bench  testing 


12  months 
1  month 

3  weeks 

1  week 


C.  CONFIGURATION  CONTROL  OF  SUBCONTRACTOR  DESIGNED  COMPONENTS 


Refer  to  Volume  V,  Report  C  (Configuration  Management  Plan). 

D.  OTHER  ENGINE  HARDWARE  SUBCONTRACTED 

Hardware  for  prototype  anginas  and  production  anginas  will  be  procured 
from  subcontractors  of  proved  ability  who  are  completely  familiar  with 
Pratt  6i  Whitney  Aircraft  standards,  specifications,  and  controla.  Pro¬ 
curement  of  such  items  as  finished  compressor  blades  and  vanes,  turbine 
airfoil  castings,  compressor  and  turbine  disks,  hub  and  shaft  forgings,  and 
proprietary  items  (such  as  bearings  and  seals)  will  usually  ream  in  with  the 
same  subcontractors  from  the  development  through  the  production  phase.  Many 
other  items,  when  reduced  cost  or  capacity  to  meet  the  production  schedule 
dictates  a  change  or  an  addition,  will  be  procured  initially  from  the  develop¬ 
ment  and  prototype  source.  Purchasing  gives  careful  consideration  to  overlap 
of  deliveries  before  changing  sources.  In  cases  where  major  parts  are  double 
sourced  for  a  make-buy  split,  initial  in-house  units  will  be  scheduled  as 
backup  to  subcontractor  deliveries  until  the  subcontractor's  performance  is 
assured.  vG-59 
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E.  SUBCONTRACTOR  REQUIREMENTS 

Subcontractor  contributions  to  all  engine  parts,  expressed  as  a 
percentage  of  the  total  value  of  one  engine,  is  estimated  to  be  as  follows: 

Estimated  Percent  of  Value 


Development, 

Prototype, 

Production, 

% 

1 

1 

Raw  materials 

27 

27 

43 

Major  cases 

15 

20 

8 

Proprietary  (subcontractor 
designed) 

8 

8 

7 

Balance  of  hardware 

32 

35 

20 

‘ 

Total  subcontracted 

82 

90 

78 
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SECTION  X 
TOOLING 


A.  TOOLING  PHILOSOPHY 

The  selection  of  manufacturing  processes  and  the  design  of  tooling  for 
the  JTF17  engine  will  be  based  on  providing,  whenever  possible,  the  maximum 
value  in  trade-off  of  labor  costs  and  tooling  costs  for  each  phase  of  engine 
construction.  The  degree  of  tooling  provided  and  designation  of  source  will 
give  proper  weight  to  potential  utilization  in  each  task;  Development, 
Prototype,  Product  Support  and  Production. 

B.  DEVELOPMENT  CONSTRUCTION  TOOLING 

Tooling  for  the  development  phase  will  be  held  to  a  minimum  because  of 
the  large  number  of  engine  design  changes  that  are  anticipated  with  limited 
quantities  of  identical  parts  required  for  development  engines.  "Soft 
Tooling"  of  an  expendable  nature  is  commonly  selected  to  minimize  tool 
cost  and  lead  time.  For  example,  hardwood  was  used  in  constructing  the 
assembly  fixture  for  the  Phase  II-C  reverser-suppressor  transition  duct 
(figure  28).  Because  of  part  configuration  and  close  tolerance  requirements, 
certain  engine  parts  will  require  tooling  of  a  more  durable  nature  (fig¬ 
ure  29). 

Based  on  experience,  engine  areas  that  have  a  high  probability  of  change 
are  identified  and  tooling  for  such  areas  is  designed  to  be  as  versatile  as 
possible  to  minimize  the  cost  of  obsolescence.  Standard  tooling  and  standard 
methods  of  gaging  are  used  where  possible  to  reduce  the  quantity  of  special 
tooling  required,  and  to  make  use  of  "Catalogue"  or  shelf-type  low-cost  items 
Historically,  this  policy  of  minimal  tooling  and  gaging  for  the  construction 
of  development  engines  has  proved  to  be  most  economical  and  has  resulted  in 
an  ability  to  incorporate  Engineering  Changes  in  the  minimum  time.  Tooling 
required  for  forming  and  fabricating  titanium,  while  designed  and  built  to 
an  absolute  minimum,  requires  a  different  approach  than  the  tooling  for  more 
coventional  materials.  To  form  titanium  intricately,  tools  and/or  blanks 
are  usually  required  to  be  heated  to  controlled  high  temperatures.  This  is 
accomplished  by  different  methods  to  accommodate  the  various  engine  part 
configurations,  depending  on  severity  of  deformation.  The  "creep-forming" 
method,  whereby  the  blank  is  placed  in  the  die  and  both  are  subjected  to 
controlled  high  temperatures  in  ths  furnace,  allowing  the  blank  to  conform  to 
the  die  shape,  lend*  itself  well  in  the  development  phase  as  the  tooling  is 
economical  and  requires  lsss  lead  time  to  design  and  build  than  electrically 
or  flams  heated  diet.  A  second  process,  in  which  the  tooling  is  relatively 
Inexpensive,  is  the  resistance  heating  of  the  blank  to  the  required  tem¬ 
perature  end  immediate  striking  in  a  cold  die  (figure  30). 

The  fabrication  of  development  tooling  is  predominately  subcontracted 
with  the  most  critical  or  urgntly  required  tooling  being  made  by  Pratt  & 
Whitney  Aircraft.  New  tooling  is  always  thoroughly  inspected  snd  tool 
tryout  carefully  monitored  by  the  Process  Planning  sod  Tool  Design  Depart¬ 
ment  end  shop  personnel  to  ensure  that  quality  requirements  are  met  and  that 
the  tool  functions  as  intended. 
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Figure  28.  Fixture  for  Fit-up  and  Riveting  of  FC  12759 

Phase  II-C  Reverser-Suppressor  VG 

Transition  Duct 
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Figure  30.  Hot  Forming  Titanium  FC  12692 

VG 

To  determine  the  type,  quantity,  and  cost  of  tooling  required  for  the 
in-house  manufacturing  activity,  preliminary  drawings  will  be  provided  to 
each  process  planning  group  as  required.  Operation  sheets  will  be  prepared 
denoting  operation  sequence,  description  of  work  to  be  performed,  type  of 
manufacturing  equipment  to  be  employed,  special  tooling  required,  and  a 
graphic  illustration  of  the  operation  when  necessary  for  clear  direction. 

A  sample  operation  sheet  is  shown  in  figure  31.  Assembly  tooling  require¬ 
ments  such  as  special  wrenches,  pushers  and  pullers,  balance  tooling,  spin 
pit  arbors,  handling  stands,  and  hoists,  originate  from  the  Assembly  Planning 
Section  Of  Process  Planning  from  a  study  of  the  engine  layouts.  The  "Make 
or  Buy"  decision,  subcontracting  manufacture  and  inspection  are  handled  in 
the  same  manner  as  other  shop  tooling. 

Subcontractor  tooling  for  the  development  phase  will  also  be  as  universal 
as  possible.  Tooling  requirements  can  be  held  to  a  minimum  by  manufacturing 
parts  in  the  subcontractors  experimental  shops,  utilizing  toolroom  techniques 
and  universal  machines.  The  FRDC  Purchasing  Department  is  always  in  a 
position  to  evaluate  new  tooling  requirements  for  the  development  phase  through 
updated  knowledge  of  subcontractors  equipment  and  machinery.  This  assures 
that  changes  are  accomplished  economically. 

C.  PROTOTYPE  CONSTRUCTION  TOOLING 

Planning,  as  performed  during  the  development  phase,  will  continue  during 
the  prototype  program.  All  major  assemblies  and  subassemblies  will  be 
analyzed  during  the  layout  stage.  The  experience  gained  during  development 
will  be  invaluable  not  only  to  planning  and  manufacturing,  but  also  as  input 
to  Design  relative  to  oducibllity,  which  will  stabilize  the  engine  design 
and  expedite  final  plant,  ig  and  tool  design. 
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Process  Engineering,  which  is  responsible  for  specifying  the  special  tools 
required  by  the  manufacturing  areas,  is  organized  into  groups  that  parallel 
the  manufacturing  areas  of  operation.  This  permits  specialized  effort  and 
maximum  application  of  experience.  Special  tools  will  be  planned,  designed, 
and  ordered  in  the  quantity  to  provide  capacity  to  meet  manufacturing 
schedules.  Tool  design  and  tool  build  will  be  scheduled  to  ensure  that 
tooling  will  be  available  as  required. 

The  majority  of  updated  subcontractor  and  in-house  development  tooling 
(70  to  801)  is  planned  to  be  reused  in  the  prototype  phase.  This  is  possible 
because  of  the  gradual  updating  and  modernization  of  development  tooling  as 
design  changes  are  incorporated  during  the  development  phase,  and  the  re¬ 
sulting  similarity  of  the  development  and  prototype  engines  at  the  beginning 
of  the  prototype  phase. 

Most  of  (die  subcontractors  utilized  during  the  development  phase  will 
continue  manufacture  during  the  prototype  and  overhaul  phase.  In  some  cases 
additional  or  "hard"  tooling  must  be  added  to  supplement  existing  tooling 
for  manufacture  of  JTF17  prototype  and  overhaul  quantity  of  parts.  Since 
the  overhaul  pba^e  overlaps  early  production,  subcontractors  will  have  the 
ability  to  assist  Jie  Connecticut  Manufacturing  Department  in  their  initial 
requirements . 

D.  PRODUCTION,  PHASE  V,  TOOLING 

Parts  and  assemblies  for  production  engines  are  assigned  to  the  Semi- 
production  Departments,  the  production  areas  and  aubcontractors.  The  selection 
of  internal  source  for  Pratt  &  Whitney  Aircraft  parta  will  be  baaed  on  the 
Anticipated  volume  of  production,  the  atability  of  parta  or  aubaaaembly 
deaign and  the  availability  of  akilla  and  equipment.  Parts  sourced  to  the 
Semi -product ion  Departments  are  produced  with  a  minimum  of  specialized 
tooling  while  parta  sourced  to  the  Production  arees  are  generally  manu¬ 
factured  with  tooling  which  is  applicable  to  production  engine  programs . 

It  is  normal  to  rely  on  the  Semi -product! on  Departments  for  the  initial 
production  of  parts  having  a  high  probability  of  change  in  deaign.  As 
the  design  of  &e  engine  stabilises  and  the  risk  of  obsolescence  of  tooling 
diminishes,  an  increasing  proportion  of  the  engine  la  shifted  to  production 
areas. 

the  semi-product ion  manufacturing  areas.  Department  96  (Machining)  and 
Department  97  (Sheet  Metal),  maintain  separate  organ  last  Iona  for  the  planning, 
deaign,  fabrication  and  main tmaeea  of  tooling.  This  arrangement  not  only 
provides  for  tha  specialisation  of  thesa  groups  in  the  type  of  tooling  applied 
to  a«e  -production  processes,  but  also  insures  timely  delivery,  flexibility 
and  control  oi  tooling  requirements.  Control  of  semi -production  tooling  for 
the  JTF17  engine  viil  be  exercised  by  the  JTP17  Production  Manager's  organisa¬ 
tion* 

Process  Engineers  in  the  Production  Engineering  Department  will  be 
responsible  for  cleaning  the  special  tooling  required  by  the  production 
areas.  The  organisation  of  process  engineers  into  group*  ufcich  coincide  with 
the  production  shop  areas  allow*  for  spscialitation  by  type  of  process  and 
tooling.  Special  tool*  will  b*  planned  and  ordared  to  provide  capacity  for 
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designated  rates  of  production.  The  scheduling  of  tool  design  and  fabrica¬ 
tion  is  controlled  by  Production  Engineering  to  ensure  that  tools  will  be 
available  when  they  are  required. 

Durable  tooling  or  "hard  tooling,"  (consisting  of  jigs,  fixtures,  flotum 
ma*-  Ire  Is,  welding  c*  inhere,  gages  ,  etc.)  required  by  subcontractors  for 
production  engines  will  be  designed  for  use  on  standard  machinery  whenever 
•ossible.  Designing  tools  far  use  on  standard  rather  than  special-purpose 
•chines  gives  flexibility  as  co  choice  of  subcontractor  and,  also,  is 
important  for  the  incorporation  of  urgent  design  changes.  Prior  to  author¬ 
izing  subcontractors  to  proceed  with  the  manufacture  of  any  production 
tooling,  a  close  check  will  be  made  to  determine  if  any  usable  development 
or  prototype  tooling  is  available  from  experimental  or  prototype  programs. 

Many  times  an  obsolete  tool  may  be  altered  and  redesigned  to  fulfill  a 
production  requirement,  resulting  in  substantial  cost  savings.  The  design 
of  the  JTF17  engine  is  not  predicated  on  requirements  for  novel  or  undeveloped 
manufacturing  processes  or  tooling  mathods.  Tooling  from  the  prototype  phase 
that  can  be  used  directly  in  the  production  engine  program  consists  of  forging 
dies,  casting  patterns,  sheet  metal  forming  tools  and  brazing  fixtures.  It 
is  estimated  that  20 K  of  the  subcontractors'  tools  will  be  used  in  the  pro¬ 
duction  program.  All  updated  development  and  prototype  in-house  tooling  is 
available  and  may  be  used  for  assisting  Connecticut  Operations  in  the  pro¬ 
duction  phase.  Manufacturing  planning  for  production  continues  over  nearly 
a  2-year  period. 

A  well  staffed  tool  design  organisation,  capable  of  designing  all  types 
of  required  tooling,  is  maintained  at  Pratt  A  ifcltney  Aircraft,  This 
organisation  will  be  avail  hie  to  design  urgent,  unusual,  or  difficult 
tooling.  TO  maintain  stable  tool  design  employment  within  the  company, 
tool  design  work  Is  subcontracted  during  periods  of  peak  activity.  This 
subcontracted  design  work  has  historically  accounted  for  approximately 
42X  of  the  tool  design  work  load  at  F8DC  and  6G&  at  the  Connecticut  facility. 
The  Tool  Design  organisation  regulates  the  assignment  or  work,  maintains 
design  status  records,  and  provides  follow-up  to  ensure  that  scheduled 
dates  are  met. 

Pratt  A  Whitney  Aircraft's  policy  for  tool  build  Is  to  maintain  the 
capability  of  manufacturing  any  non -proprietary  tool  in -house;  however,  a 
great  percentage  of  tool  fabrication  is  subcontracted  for  reasons  similar 
to  those  discussed  under  the  Tool  Design  lection.  Tooling  made  within 
Pratt  A  Whitney  Aircraft  generally  falls  Into  the  following  categories: 

1.  Alternations  to  existing  tools  required  for  engineering  and 

process  changes 

2.  Complex  tooling  that  subcontractors  do  not  have  the  capability 
of  building 

i 

3.  Urgently  needed  tooling,  with  very  short  lead  time.  This 
category  generally  arises  from  machine  or  tool  breakdown 

and  the  requirements  of  teat  support  and  field  support  cooling 
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4.  Tools  for  test  and  field  support  will  always  receive  the 
highest  priority  in  fool  design  and  tool  build  and  are  very 
seldom  subcontracted. 

The  Tool  Control  group  determines  whether  tooling  is  to  be  built  in- 
house  or  subcontracted  and  is  responsible  for  maintaining  tool  status 
records  and  providing  tool  followup. 

Tc^l  expenditure  commitments  will  be  monitored  by  a  computerized 
control  system  to  ensure  tooling  budgets  are  not  exceeded. 

Alterations  to  tooling  resulting  from  design  or  process  changes  will 
be  performed  by  the  Master  Mechanics  group.  New  tooling  required  by 
changes  will  be  handled  in  a  manner  similar  to  the  procurement  of  initial 
tooling. 

E.  TOOL  DATA  SECTION 

The  forecast  of  special  tooling  for  development  and  prototype  phases 
is  shown  in  tables  2  through  g.  These  data  show  planning  estimates  of  the 
quantity  of  in-house  tools  by  types  (jigs,  dies,  fixtures,  gages,  and 
miscellaneous)  required  for  the  first  generation  development  engine,  those 
convertible  to  prototype,  additional  tools  for  prototype  for  ‘both  capability 
and  capacity,  and  the  special  inspection  gages  for  first  development  and 
prototypes.  Data  are  also  tabulated  for  planning  estimates  of  engine 
assembly  tool  requirements  and  typical  major  engine  parts. 


Table  2.  Total  Number  of  Manufacturing  Tools  for  JTF17  Engines 
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F.  INSPECTION  GAGES 

1 .  Gage  Types 

The  Pratt  &  Whitney  Aircraft  system  divides  gages  into  two  categories: 

(1)  specially  designed  gages,  and  (2)  catalogue -type  gages.  Special  gages 
include  any  for  which  a  tool  design  must  be  prepared  to  provide  instruction 
for  fabrication.  Examples  of  gages  in  this  category  for  turbine  engines 
are  pressure  test  fixtures,  disk  etching  fixtures,  and  spline  gages. 
Catalogue-type  gages  include  such  gages  as  plug  gages,  dial  indicator  gages, 
and  thread  gages. 

2.  Special  Inspection  Gages 

The  Inspection  Methods  subsection  of  Quality  Engineering  is  responsible 
for  special  inspection  gages  used  in  the  development,  prototype,  and  pro 

. ductlon-  phases  of  a  program.  During  the  development  and  prototype  phases, 

procurement  of  special  gages  is  restricted  to  those  for  parts  of  a  design 
that  cannot  be  inspected  by  use  of  layout-type  equipment  and  catalogue -type 
gages.  During  the  production  phase  of  the  program,  single-purpose,  specially 
designed  gages  may  replace  the  use  of  layout  techniques  when  this  can  be 
accomplished  to  provide  more  economical  inspection.  The  Tool  Design  section 
of  the  Process  Planning  Department  creates  gage  designs  in  a  manner  similar 
to  tool  design  for  part  fabrication. 

3.  Catalogue -Type  Gages 

The  Gage  Standards  section  of  Quality  Engineering  Is  responsible  for 
procurement  of  all  catalogue-type  gages  needed.  Gage  Standards  determines 
the  need  for  such  gages  by  review  of  the  Inspection  Methods  Sheet  for  the 
part,  and  orders  are  initiated  for  any  gage  specified  that  is  not  avail¬ 
able  in  the  gage  crib. 

4.  Gage  Control 

The  Gage  Standards  subsection  of  C^iality  Engineering  is  responsible  for 
inspection  of  all  new  specially  designed  gages  and  all  new  catalogue-type 
gages.  After  acceptance.  Gage  Standards  sets  up  a  record  for  that  gage  in 
the  periodic  inspection  system,  which  provides  for  call-in  and  reinspection 
at  predetermined  intervals,  based  on  expected  end  actual  use  of  the  gage  and 
its  nature,  so  that  continuous  accuracy  is  assured.  When  duplication  of 
gagea  la  necessary,  each  gage  is  assigned  a  serial  number  for  identification 
purposes,  and  a  separata  record  is  maintained.  All  gages  are  tagged  with  the 
dete  of  the  next  inspection.  All  masters  used  in  gage  inspection  are 
calibrated  periodically  with  standards  traceablm  to  the  National  Bureau  of 
Standards . 

5.  Special  Inspection  Control  of  Manufacturing  Tools 

Gage  Standards  maintains  contrc  over  manufacturing  tooling  that  creates 
part  dimensions  that  can  not  be  inspected  without  part  destruction  by  in¬ 
cluding  such  tooling  in  the  periodic  inspection  record  system  and  notifying 
TOol  Inspection  when  an  inspection  is  due.  Upon  completion  of  inspection 
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and  verification  that  the  tool  is  correct,  Inspection  approves  and  releases 
the  tool  for  continued  use.  The  Tools  are  tagged  with  the  date  of  the  next 
inspection. 

6.  Prototype  Gages  Converted  to  Production 

Gages  used  for  the  prototype  program  at  the  FRDC  will  be  needed  for  the 
overlapping  overhaul  and  continuing  development  program.  New  inspection 
tooling  must  be  ordered  by  Connecticut  Quality  Assurance  for  the  Production 
Program.  Any  parts  manufactured  at  the  FRDC  in  support  of  Phase  V  will  make 
full  use  of  prototype  gages. 


SECTION  XI 
MATERIAL  FLOW 
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A.  SHOP  AREAS -FLORIDA  RESEARCH  AND  DEVELOPMENT  CENTER 

As  illustrated  in  Section  IV,  the  machine  shop  and  sheet  metal  shop 
are  functionally  oriented.  This  type  of  layout  gives  maximui  flexibility 
for  manufacture  of  the  small  quantities  of  parts  inherent  in  a  development 
program  and  is  most  adaptable  to  schedule  interruptions  caused  by  Engineer¬ 
ing  Changes.  Supervision  in  each  functional  area  can  provide  the  complete 
range  of  technical  assistance  required  in  machining  a  wide  range  of  hardware. 

B.  ENGINE  ASSEMBLY- FLORIDA  RESEARCH  AND  DEVELOPMENT  CENTER 

The  assembly  floor  is  arranged  to  build  major  subsections  of  the  engine 
in  separate  areas.  Figure  25  defines  engine  assembly  progress.  Engine 
hardware  is  delivered  to  the  major  engine  section  areas  on  the  assembly 
floor  in  detail  form.  The  JTF17  engine  is  designed  so  that  major  sections 
can  be  assembled  separately  and  concurrently.  High  compressor  rotor  details 
are  statically  balanced,  assembled  as  a  rotor  assembly  and  then  dynamically 
balanced.  All  major  compressor  and  turbine  rotating  details  of  the  engine 
undergo  proof  spinning  tests  prior  to  delivery  to  the  assembly  floor. 
Necessary  assembly  fits  and  clearance  measurements  are  taken  and  special 
instrumentation  installed  during  engine  subsection  builds  on  the  floor. 

Bearing  compartments  and  their  supporting  cases  are  assembled,  the  oil 
jets  are  flowed  on  an  oil  flow  bench  under  simulated  operating  conditions 
and  the  accessory  drive  gear  drives  are  tracked  to  assure  correct  mesh. 

The  turbine  assembly  and  fan  stages  are  assembled  as  separate'  major  sub¬ 
sections  of  the  engine  as  are  the  duct  heater  and  variable  nozzle  assemblies. 
These  sections  are  ultimately  joined  to  make  up  the  overall  engine  assembly 
at  the  final  line  section  of  the  assembly  floor  where  the  engine  controls 
and  related  plumbing  are  installed. 

C.  SHOP  AREAS -CONNECTICUT  OPERATIONS 

The  manufacturing  layout  at  the  Connecticut  Operations  is  part  and 
process  oriented  rather  than  engine  or  program  oriented.  The  production 
layout  design,  being  part  and  process  oriented,  has  resulted  in  the  con¬ 
centration  of  specialized  skills  within  individual  areas  such  that  the  skills 
will  be  readily  available  to  any  program.  This  organization  permits  a  new 
engine  program  to  be  implemented  within  existing  facilities  without  neces¬ 
sitating  complete  relocation  of  areas.  Part  and  process  orientation  enables 
flexibility  in  production  scheduling  and  permits  a  new  advanced  engine  to 
be  developed  and  fabricated  without  extensive  shop  reorganization. 

1.  Work  Flow 

Figure  32  displays  the  overall  work  flow  for  the  JTF17  engine.  The 
new  materials  center  will  serve  as  a  centralised  facility  to  handle  the 
receipt,  inspection,  storage  and  disposal  of  purchased  ^  >rta  and  raw 
material  to  various  areas  of  the  shop  and  finished  parts  to  the  assembly 
floor. 
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Raw  materials,  forgings,  castings,  and  sheet  and  bar  stock,  will  be 
forwarded  to  the  detail  machining  and  forming  areas  located  in  each  of 
the  four  Pratt  &  Whitney  Aircraft  plants  from  the  rough  stores  section  of 
the  materials  center.  Completed  details  are  returned  to  the  finished 
stores  section  of  the  materials  center.  Details  required  for  subassembly 
fabrication  are  drawn  from  finished  stores  and  stored  in  detail  cribs  located 
in  the  respective  assembly  areas.  This  arrangement  provides  immediate 
availability  of  details  for  subassembly  departments  to  ensure  meeting 
schedule  dates  and  maintaining  proper  production  contro1  Finished  sub- 
assemblies  are  returned  to  finished  stores  from  where  all  parts  are  routed 
to  the  production  assembly  floor  for  engine  assembly. 


Figure  32,  JTF17  Production  Engine  Work  Flow  FD  17600 

VG 

2.  Detail  Manufacturing 

The  major  JIF17  rotating  parts,  turbine  cases  and  turbine  vanea  will 
be  machined  in  North  Haven.  Southington  will  machine  the  inner  and  outer 
diffuser  cases,  fan  cases  and  gearbox  housing.  Middletown  will  produce 
the  long  and  short  shafts. 

JTF17  engine  gears  and  gearahafta  will  be  machined  in  Area  I,  which 
has  experience  in  the  manufacturing  of  these  type  parts  since  the  piston 
engine  era.  Area  II  will  produce  small  diameter  parts,  such  as  machined 
bosses  and  strut  details,  from  forgings,  castings  and  bar  stock.  The  EDM 
and  ECM  center  within  Area  II  will  be  responsible  for  producing  the  stand- 
up  configuration  on  compressor  and  diffuser  shrouds  and  contour  slotting 
on  various  cases  and  rings.  Completed  details  will  be  inspected  within 
their  respective  areas  and  upon  acceptance,  transferred  to  the  finished 
stores  section  of  the  materials  building. 
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3.  Subassembly  Manufacturing 

Subassembly  areas  in  East  Hartford  will  receive  purchased  and  shop 
details  'tom  finished  stores.  Each  assembly  area  is  self  contained  and 
capable  .  fabricating  its  own  parts  with  the  exception  of  surface  treat 
operations  required  outside  the  department.  The  Middletown  plant  manu¬ 
factures  and  fabricates  complete  burner  can  assemblies.  Raw  material 
(sheet  stock)  is  directed  tc  Middletown  from  finished  stores  in  Eaet 
Hartford.  Facilities  at  Middletown  include  dies  and  presses  for  forming 
burner  can  details  and  seam  welding  equipment  for  the  final  assembly 
operations.  Completed  assemblies  are  inspected  and  routed  to  finished 
stores  awaiting  the  start  of  engine  build  operations. 

D.  ENGINE  ASSEMBLY -CONNECTICUT  OPERATIONS 

Finished  parts  and  assemblies  for  each  engine  included  on  the  engine 
part  list  will  be  drawn  from  finished  stores  and  will  be  delivered  to  the 
Assembly  Department.  Strict  control  will  be  maintained  to  ensure  that  parts 
to  be  incorporated  into  engines  have  the  correct  level  of  engineering  design 
change . 

Parts  for  the  assembly  floor  are  scheduled  to  be  available  2  months  prior 
to  engine  shipment.  A  2  day  float  of  engine  parts  in  production  assembly 
lines  in  addition  to  a  2  day  availability  in  assembly  cribs  is  maintained 
daily  by  a  special  dispatching  activity  provided  to  satisfy  these  require¬ 
ments.  Subassemblies  are  built  in  separate  areas  as  previously  described 
and  will  be  stored  in  a  centralised  area  between  the  two  assembly  line 
departments,  enabling  parts  to  be  efficiently  routed  for  incorporation  into 
respective  assembly  line  stations. 

Engines  at  the  Connecticut  Operations  are  assembled  vertically  to  best 
utilize  floorspace,  reduce  tooling  costs  and  facilitate  stacking.  Engines 
will  be  positioned  horizontally  for  external  attachments  of  plumbing  and 
engine  accessories  to  complete  the  assembly  phase. 

E.  ENGINE  TKST-CONNECTICUT  OPERATIONS 

Completed  JTF17  engines  will  be  transported  to  the  test  prepsration 
area  for  the  installation  of  instrumentation  to  monitor  vibration,  tem¬ 
perature,  pressure,  engine  rpm  and  for  the  provision  of  the  necessary 
electrical,  fuel  and  pneumatic  connections.  This  installation  reduces  the 
asiount  of  time  and  inconvenience  that  would  otherwise  be  incurred  within 
the  test  cell,  thereby  increasing  the  utilisation  of  each  cell. 

An  Initial  and  final  testing  two-build  program  is  maintained  at  Pratt  A 
Whitney  Aircraft.  After  completing  "Initial  Test",  the  engine  will  be 
returned  to  the  assembly  floor  disassembly  area  for  disassembly,  inspection 
and  correct vork,  if  necessary,  then  reassmtoled  along  their  parent 
lines  for  fi.»a2  testing.  During  the  teardown  period,  parts  will  be  sent 
out  to  various  production  machining  areas  or  semi-production  departments 
to  satisfy  inspection  requirements  or  to  complete  necessary  repair  work. 
Having  coexisted  final  test,  accepted  J1F17  engines  will  be  moved  to  the 
packaging  area  where  they  will  be  prepared  for  shipment. 
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APPENDIX  A 

MANUFACTURING  FACILITIES  AND  TECHNIQUES 


1.  FRDC  DEVELOPMENT  MANUFACTURING  FACILITIES 


a.  Machining  Facilities  (figure  A-l) 


The  machine  shop  has  a  wide  range  of  capability  in  the  normal  machining 
operations  of  vertical  and  horizontal  turning,  milling,  grinding,  and 
drilling.  The  turning  capabilities  are  up  to  82  inches  in  diameter  and 
120  inches  in  length.  Surface  grinding  capability  extends  to  100  Inches  in 
diameter  and  the  largest  horizontal  broach  has  a  stroke  of  180  inches.  Some 
of  the  machine  tools  have  numerical  control  equipment  installed  to  provide 
repetitive  accuracy  on  experimental  lots  of  parts  with  a  minimum  of  special 
tools  being  required. 


Figure  A-l.  Overall  Machine  Shop 
(1)  Jig  Boring  Machines  (figure  A-2) 


FC  8620 
VG 


There  are  nine  jig  boring  machines  in  the  machine  shop.  They  have 
capabilities  to  84  inches  in  diameter  and  up  to  72  inches  under  the  spindle. 
All  are  operated  in  a  uniformly  controlled  area  of  temperature  and  humidity 
and  therefore  provide  the  ultlamte  in  machining  accuracy. 


(2)  Vertical  Turret  Lathes  and  Horizontal  Boring  Machines  (figure  A-3) 


A  total  of  17  boring  mills  and  turret  lathes  are  located  in  the  machine 
shop.  The  vertical  turret  lathes  have  a  diameter  capacity  to  82  inches  and 
the  horizontal  boring  machines  have  a  vertical  travel  to  84  inches.  Hie 
boring  mills  have  a  length  capacity  of  128  incites  and  a  width  maximum  of 
168  inches.  These  machines  also  are  operated  in  the  ter'verature  and  humidity 
controlled  area  of  the  Manufacturing  Shops. 
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Figure  A-2.  Jig  Boring  Machines  FC  8595 

VG 


Figure  A-3.  Vertical  Turret  Lathes  and  FC  8594 

Horizontal  Boring  Machines  VG 
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(3)  Horizontal  Lathe  Area  (figure  A-4) 

The  horizontal  lathe  '•ection  is  equipped  with  a  total  of  34  machines. 
Eight  of  the  machines  have  either  electronic  or  hydraulic  tracing  attachments 
and  the  turning  capacities  are  up  to  60  inches  in  diameter. 


Figure  A-4.  Horizontal  Lathe  Area  FC  8599 

VG 


(4)  Electrical  Discharge  Machining  (figure  A-5) 


Seven  units  provide  capacities  for  the  average  size  parts  requiring 
electrical  discharge  machining  operations  and  a  specially  designed  large 
unit  provides  coverage  for  parts  of  all  r izes  and  shapes  up  to  56  inches 
in  diameter.  The  large  machine  has  dimensional  control  capabilities  com¬ 
parable  to  a  standard  jig  borer. 


Figure  A-5.  Electrical  Discharge  Machining  Area  FC  12768 

VG 
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(3)  Broaching  (figure  A-6) 

The  machine  shops  have  a  broaching  department  chat  includes  five 
machines.  Three  vertical  broaches  of  50-ton  capacity  with  100  inches 
of  stroke  are  complemented  by  two  horizontal  broaches  with  capacity  up 
to  180  inches  of  stroke  with  50  tons  capacity  and  capable  cf  breaching 
parts  up  to  60  inches  in  diameter. 


(6)  Grinding  Machines  and  Gear  Cutting  Area  (figure  A-7) 

These  two  areas  of  manufacturing  operations  have  a  total  of  67  machines. 
Grinding  capabilities  include  conventional  surface  OD  and  ID  grinding.  In 
addition,  airfoil  grinders,  electrolytic  grinders,  thread  grinders  and  tool 
and  cutter  grinders  round  out  the  capability  to  fulfill  any  grinding  require¬ 
ment.  The  gear  cutting  and  checking  equipment  can  produce  any  type  of  gear 
to  a  maximum  of  36  inches  in  diameter. 

(7)  Contour  and  Conventional  Milling  Area  (figure  A-8) 

This  section  has  a  wide  variety  of  contour  machining  units.  Duplicating 
mills  range  from  single  spindle  to  six-spindle  units  and  master  cam  and 
templet  equipment  is  included.  Also  included  in  this  area  is  a  wide  range 
of  vertical  and  horizontal  plain  milling  machines. 
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Figure  A-7 *  Gear  Cutting  Machines 


Figure  A-3.  Contour  Mill  Area 
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b.  Sheet  Metal  Facilities  (figure  A-9) 

Hie  sheet  metal  shop  is  fully  equipped  with  conventional  sheers, 
machanical  presses,  brakes,  saws,  riveting  machines,  tube  benders  and  spin 
lathes.  In  addition,  its  forming  capabilities  include  Cincinnati  Hydroforms, 
radial  draw  formers,  drop  hammer,  and  a  large  triple  action  hydraulic  press. 
The  shop  activities  have  adequate  support  in  the  fully  equipped  pattern  and 
wood  working  shop,  a  foundry  for  the  casting  of  Kirksite  dies  and  lead 
punches  and  a  large  capacity  heat-treat  and  plating  section. 


Figure  A-9.  Overall  Sheet  Metal  Area  FC  8602 

(1)  Metal  Spinning  (figure  A-10)  VG 

Six  lathes  are  assigned  to  the  spin  operation.  Capacities  are  avail¬ 
able  up  to  100  inches  in  diameter. 
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(2)  Tube  Bending 

Figure  A-l 1  shows  a  portion  o £  the  tube  bending  area  which  is  equipped 
with  the  latest  hydraulic  tube  bending  machines.  This  equipment- has  been 
specially  tooled  to  provide  the  flexibility  of  producing  plumbing  in  one 
piece  orders  or  in  multiple  requirements.  The  bending  area  is  supported 
by  a  tube  assembly  section  with  all  the  necessary  fixturing  to  produce 
finished  tube  assemblies  in  quantities,  using  induction  brazing,  resistance 
brazing  and  furnace  brazing  as  ratc^ials  and  configurations  dictate. 


(3) ,  Metal  Gathering  Machine  (figure  A-12) 

Florida  Research  and  Development  Center  has  developed  the  upsetting  of 
standard  tubing  to  provide  tube  assemblies  with  integral  ferrules.  This 
special  machine  has  a  capacity  of  producing  forged  ends  on  1  1/4-inch  dia¬ 
meter  tubing.  An  additional  machine  of  increased  capacity  and  refinement 
will  provide  the  ability  to  upset  forged  ends  on  2  1/2-inch  OD  tubing. 

(4)  Explosive  Forming  Operations  (figure  A-13) 

The  high  energy  rate  forming  area  covers  13,000  square  feet  and  includes 
four  vacuum  tanks  (one  of  which  accommodates  109-inch  diameter  limit  rings). 
Facilities  and  techniques  have  been  developed  for  the  explosive  welding  of 
nickel  and  cobalt  base  alloys.  Forming  of  metal  has  been  accomplished  witli 
all  of  the  alloys  now  used  in  high  Mach  number  engines. 
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Figure  A-12.  Metal  Gathering  Machine  FC  8372 
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The  form  press  and  expander  section  consists  of  19  machines,  from  a 
6-ton  capacity  press  to  the  1,650  ton  triple  action  Hydraulic  Press  illustrated 
in  figure  A-14.  This  press  is  used  not  only  in  deep  draw  forming  operations, 
but  as  an  actuator  for  radial  expansion  activity  when  high  tonnage  capacity  is 
required.  The  main  ram  acting  in  triple  action  has  a  forming  capacity  of 
1,000  tons  and  the  hold  down  platen  has  a  capacity  of  650  tons.  A  500-ton 
cushion  actuates  t.he  die  pins  to  complete  the  triple  action  of  the  press. 

A  Cincinnati  Hydroform  forming  press  has  a  blank  capacity  up  to  26  inches 
in  diameter  and  can  form  parts  up  to  12  inches  in  depth.  Forming  pressures 
are  up  to  15,000  pounds  per  square  inch  and  the  equipment  produces  quality 
parts  from  the  minimum  of  tooling  expenditure. 


A  Cyril  Bath  Radial  Draw  Former  of  25  tons  capacity  can  form  parts  100 
inches  in  diameter  and  30  inches  in  width.  It  is  equipped  with  a  yield 
sensing  device  to  maintain  constant  tension  during  the  forming  cycle  in  the 
yield  range  of  the  material. 


Figure  A-14.  Press  Section 
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c.  Welding  Facilities 

The  welding  shop  is  equipped  to  accomplish  manual  and  semiautomatic 
fusion  weld  and  resistance  weld  in  ranges  up  to  80-inch  diameter  and  84- 
inch  lengths.  Four  semiautomatic  inert  arc  welding  machines  are  supplemented 
by  12  manual  inert  arc  machines  and  10  resistance  welding  machines. 

Induction  heating  equipment  up  to  100  k»  capacity  is  provided  for  brazing, 
using  an  argon  or  helium  atmosphere  to  make  gold  nickel,  silver,  copper  and 
other  alloy  joints.  Oxyacetylene  brazing  with  flux  coating  can  be  accomplished 
at  12  stations  within  the  area. 

An  electron  beam  welder  with  a  thickness  range  of  0.003  to  0.125  inch 
and  10  welding  positioner  units  complete  the  major  equipment  list. 

Argon  gas  is  used  as  the  atmosphere  in  all  inert  welding  operations. 
Titanium  alloy  assemblies  are  welded  in  a  high  purity  argon  filled  chamber 
to  ensure  maximum  weld  quality  and  material  properties. 

(1)  Resistance  Welding  (figure  A-15) 

Seven  spot  welders  and  three  seam  welders  comprise  the  total  capacity 
of  the  resistance  weld  section.  The  range  is  from  5  KVA  spot  welder  to 
a  400  KVA  seam  welder.  Material  thickness  may  vary  from  foil  to  plate 
0.375  inch  thick. 


Figure  A-15.  Resistance  Welding  Section  FC  8592 
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d,  Heat-Treat  Area  (figure  A-16  and  figure  A-17) 

The  Heat-Treat  facilities  consist  of  22  furnaces,  the  largest  having 
an  internal  work  area  of  135  inches  deep,  96  inches  wide  and  85  inches 
high  and  a  maximum  temperature  of  26008F. 

Complete  facilities  are  available  to  perform  normalizing,  ai.  tea  ling, 
hardening,  tempering,  mar -quenching,  stress  relieving,  g «  and  pack 
carburizing,  brazing,  solution  and  precipitation  treatment  of  ferrous 
and  nonferrous  age  hardening  alloys.  Liquid  nitriding  of  .  igh-speed 
cutting  tools,  hydrogen  cleaning  and  sub-zero  treatment  operations  are 
also  performed. 

Vacuum,  nitrogen,  argon,  endothermic  and  hydrogen  are  used  as  pro¬ 
tective  atmosp’  erf  . 

The  Lindberg  Vac  turn  Furnace  has  a  work  area  of  71  itches  in  diameter 
by  72  inches  in  heignt.  The  temperature  range  has  a  maximuu.  of  2250°F. 
The  furnace  is  of  the  cold  wall  design  and  the  vacuum  pressures  that  can 
be  achieved  are  5  x  10-6  microns.  This  unit  has  been  instilled  ..  n  an 
airconditioned  area  to  provide  the  maximum  efficiency  of  the  furnace  and 
of  all  the  related  pumps  and  equipment. 
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e.  Placing  (figure  A-18) 

Complete  facilities  to  perform  all  standard  plating  processes  are 
available  in  the  plating  area.  In  addition,  the  plating  shop  can  do 
chemical  etching,  metal  stripping,  anodising,  electro-polishing  and 
impregnation  of  aluminum  and  magnesium.  Plating  and  cleaning  line  tanks 
have  capacities  up  to  84  inches  in  diameter, 

f.  The  Pattern  Shop 

the  pattern  shop  has  all  of  the  woodworking  facilities  to  produce  full- 
scale  mockups  of  gas  turbine  engines  in  wood  and  reinforced  fiberglass. 

This  area  also  produces  patterns  for  drop  hammer  and  hydroform  dies  and  makes 
wood  tube  bending  checking  fixtures  to  aid  in  the  manufacture  of  develop¬ 
ment  engine  plumbing,  as  well  as  "soft"  tooling  for  development  parts. 
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The  development  assembly  area  at  FRDC  is  shown  in  figure  A-19.  The 
assembly  facility  balancing  section  (figure  A-20)  is  equipped  with  eight 
balancing  machines  and  a  spin  pit.  There  are  two  balancing  machines 
capable  of  handling  parts  or  assemblies  up  to  88  inches  in  diameter, 

120  inches  in  length,  and  up  to  2000  pounds  in  weight.  Also  available 
are  two  vertical  machines  for  balancing  blade  and  disk  assemblies,  two 
small  machines  for  gear  and  detail  part  balancing  and  two  high  speed 
machines  capable  of  12,000  rpm  maximum.  The  spin  pit  diametrical  capacity 
is  54  inches;  it  is  equipped  with  air  drive  turbines  rated  at  25,000, 
60,000  and  100,000  rpm  and  can  be  evacuated  to  500  microns.  Two  spin  pit 
heating  furnaces  are  also  available  with  1400°F  capability. 


Figure  A-19.  Experimental  Assembly  Area 
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Figure  A-20.  Experimental  Assembly  Area  FC  8619 
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2.  SELECTED  PRODUCTION  MANUFACTURING  TECHNIQUES 
a.  Plasma  Spraying  (figure  A-21) 

Plasma  spraying  is  used  to  increase  the  useful  life  of  many  turbine 
engint  parts  that  are  exposed  to  extreme  heat  and  wear. 


a*  . 


Figure  A-21.  Flaae  Spray  Equipment  - 

Flasmadyne  $*212  Spray  System 
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b.  Center  Drive  Lathe  (figure  A- 22) 

file  center  drive  lathe  was  developed  by  Pratt  &  Whitney  Aircraft  to 
permit  simultaneous  contour  turning  of  both  sides  of  a  jet  engine  turbine 
or  compressor  disk.  As  the  disks  arc-  held  and  driven  on  their  periphery, 
the  tools  on  both  sides  of  the  pail  oppose  each  other,  preventing  flexing 
of  the  metal  and  producing  precision  parts.  Tills  method  will  be  used  to  mach¬ 
ine  the  disks  for  the  JTP1?  engine. 


Figure  A-22.  Center  Drive  Lathe  CM  2438 
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c.  Three  Wheel  Grinder  (figure  A-23) 

This  machine  was  conceived  at  Pratt  &  Whitney  Aircraft  and  developed 
with  Pratt  &  Whitney  Aircraft's  engineers  assistance.  It  will  simultaneously 
grind  nine  cloeely-toleranced  surfaces  on  19  vanes  with  one  set-up.  The 
entire  cycle  is  automatic*  utilizing  a  multiple  fixture  which  presents  the 
work  to  three  independent  grinding  heads,  producing  quality  parts  at  reduced 
costs.  This  machine  will  be  used  to  grind  the  vane  feet  for  the  JTF17 
engine. 

d.  Vane  Stabbing  Machine  (figure  A-24) 

This  machine  was  designed  and  developed  specifically  for  F&WA  to  pierce 
vanes  through  a  solid  wall  of  metal  shroud,  file  vanes  are  magazine  loaded 
into  a  shuttle  which  positions  and  drives  them  through  the  shroud  by  hydraulic 
pressure.  This  process  ensures  a  consistently  tight  fit  of  the  vanes  in 
the  shroud  and  will  be  used  on  vanes  and  shrouds  for  the  JTF17  engine. 
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Figure  A-23.  Three  Wheel  Grinder 


Figure  A-24.  Vane  Stabbing  Machine 
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e.  Large  Flowturning  Machine  (figure  A-25) 

Flowturning,  a  specialized  manufacturing  technique,  was  originally 
developed  by  Pratt  &  Whitney  Aircraft  to  produce  stronger,  lighter  weight 
cases  by  eliminating  longitudinal  welding.  This  machine  is  capable  of  handling 
work  up  to  80  inches  in  diameter.  This  technique  will  be  used  where 
applicable  on  the  JTF17  engine  program. 


Figure  A-25.  Second  Stage  Polaris  Missile  Case  H-12813 


80  in.  Lodge  and  Shipley  Flowturn  VC 

MDG  Project  #2332.  16  May  1966 


f.  Electrical-Discharge  Machines  (figure  A-26) 

Electrical-discharge  machining  (EDM)  is  also  well  adapted  for  the 
generation  of  difficult  conf iguia cions  in  the  new  turbine  engine  mateiials. 
The  process  is  well  suited  for  the  machining  of  contour  slots  and  deep 
recesses.  The  machining  of  air  foil  slots  on  JTF17  inner  and  outer  diffuser 
cases  will  be  accomplished  by  this  process, 

g.  The  6  KW  Electron  Beam  Wecder  (figure  A-27) 

The  ability  of  electron  beam  welding  to  overcome  distortion  and  handle 
intricate  welds  in  both  large  and  small  parts  makes  this  process  ideally 
suited  for  the  fabrication  of  critical  turbine  engine  parts.  Electron  beam 
welding  will  be  used  for  producing  deflector  assemblies  used  in  the  com¬ 
bustion  chamber  assemblies  on  the  JTF17  engine. 


VG-95 


I 


Pratt  A  WJilmey  Aircraft 

PWA  FP  66-100 
Volume  V 


Figure  A-26.  Electrical  Discharge  Machines  CN  537D 

VG 


Figure  A-27.  Hamilton-Zeiss  Electron  Bean  Weider  H-40847 

VG 


h.  Three-Axis  Continuous  Path  Numerical  Control  Milling  Machine  (figure  A-28) 

This  nuroberical  control  machine  with  a  rotary  table  will  be  used  for 
performing  numerous  operations  on  the  JTF17  diffuser  case. 
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Figure  A-28.  3-Axis  Continuous  Path  Numerical  H-24429 

Control  Milling  Machine  VG 


i.  Elevtrocnemical  Machines  (figure  A-29) 

Pratt  &  Whitney  Aircraft  has  devoted  extensive  effort  to  the  development 
of  electrochemical  machining  (ECM)  techniques  to  the  production  of  aircraft 
engine  parts.  The  new  generation  of  engines  employs  complex  configurations 
and  materials  more  difficult  to  machine  to  withstand  higher  operating  tem¬ 
peratures  and  to  minimize  weight.  The  ECM  process  is  well  suited  for  the 
production  of  these  parts.  Designs  that  were  impractical  to  manufacture 
prior  to  the  development  of  this  process  can  be  produced  efficiently.  There¬ 
fore,  ECM  has  provided  increased  flexibility  for  the  design  of  turbine  engines 
and  for  the  selection  of  mar*' rials  to  o*  used. 

The  applications  of  this  process  to  JTF17  production  will  include  the 
machining  of  airfoil-shaped  bosses  on  the  diffuser,  intermediate  an'*  com¬ 
pressor  case  shrouds  and  the  machining  of  diffuser  case  bosses. 


j.  Five  Axis  Continuous  Path  Numerical  Control  Milling  Machine 
(figure  A-30) 

Five  of  these  machines  are  installed  and  two  more  on  order  at  Pratt  & 
Whitnev  Aircraft.  An  automatic  tool  holder  containing  31  cutters  permits 
the  performance  of  several  operations  with  one  setup  and  reduces  th: 
amount  of  time  otherwise  spent  in  tool  changes.  In  addition  to  cortrol 
over  the  X,  Y,  and  Z  axes,  control  of  rotary  and  tilt  motors  is  provided. 
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Figure  A -29.  Electrochemical  Machines  H-25795 


Figure  A-30.  5-Axis  Continuous  Path  Numerical  CN-5364 

Control  Milling  Machine  VG 
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k.  Truee-Axis  Continuous  Patli  Numerical  Control  Milling  Machine 
(figure  A-31) 

This  numerical  control  machine  will  be  used  for  the  milling,  boring, 
and  drilling  of  JTF17  gear  housings. 


r 


Figure  A-31.  3-Axis  Continuous  Path  Numerical  H-50840 

Control  Milling  Machine  VC 
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REPORT  H 
DETAIL  WORK  PLAN 

The  Detail  Work  Plan,  Report  H,  is  provided  under  separate  cover. 
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ORGANIZATION 


SECTION  I 
INTRODUCTION 


In  1956  United  Aircraft  Corporation  made  the  decision  to  establish 
a  new  research  and  development  center  for  the  Pratt  &  Whitney  Aircraft 
Division.  A  site  remote  from  urban  and  densely  populated  areas  yet 
readily  accessible  to  residential  areas  attractive  to  employees  was 
required,  and  in  November  1956  the  Florida  Research  and  Development  Center 
was  established  on  a  6,750-acre  tract  in  Palm  Beach  County,  Florida.  This 
site  in  the  Everglades  provided  the  necessary  isolation  to  avoid  the  need 
for  building  soundproof  structures  at  prohibitive  cost,  and  was  in  an 
area  four  ’  to  be  favored  by  prospective  employees  over  possible  New  England 
locations. 

In  establishing  the  Florida  Research  a^d  Development  Center  as  one 
of  the  most  advanced  and  complete  facilities  for  propulsion  system  research 
and  development,  Pratt  &  Whitney  Aircraft  recognized  the  need  for  providing 
this  operation  with  manufacturing  and  test  facilities  an'  a  management 
structure  having  tb«  capability  and  authority  to  accomplish  major  develop¬ 
ment  programs  for  which  the  Florida  Research  and  Development  Center  would 
have  complete  responsibility.  In  July  1965,  the  responsibility  for  the 
SST  propulsion  program  was  transferred  to  Florida  to  take  advantage  of  the 
specialized  engineering  background  and  high-Mach-number  test  facilities 
there  Chat  had  been  instrumental  in  the  development  of  the  supersonic  J58 
engine.  The  program  management  for  continuing  work  under  Phase  III  of 
the  Supersonic  Transport  Program  will  be  the  same  as  that  used  on  other 
major  projects  at  the  Florida  Research  and  Development  Center,  Mr.  William 
H.  Brown,  currently  J58  program  manager,  and  Mr,  Gordon  A.  Titcomb, 
currently  the  Phase  IIC  SST  program  manager,  as  JTF17  Program  Manager  and 
Deputy  Program  Manager  respectively,  will  be  responsible  for  all  aspects 
of  the  SST  propulsion  program,  reporting  directly  to  the  General  Manager 
of  the  Florida  Research  and  Development  Center,  Mr.  W.  L.  Gorton. 

The  organizational  locations  of  the  Pratt  &  Whitney  Aircraft  Division 
and  the  Florida  Research  and  Development  Center  within  the  United  Aircraft 
Corporation  are  shown  in  figure  1.  The  members  of  the  Corporation's 
Scientific  Advisory  Committee  are  listed  below,  and  the  Directors,  Officers, 
and  senior  management  personne  re  listed  on  the  pages  directly  following. 
The  organization  of  the  Florida  Research  and  Development  Center  and  the  pro¬ 
gram  management  to  be  utilized  for  the  JTF17  SST  Engine  Program  are  then  de¬ 
scribed  in  this  report,  with  descriptions  of  tne  responsibilities  and  qual¬ 
ifications  of  tiie  key  personnel  who  will  be  assigned  to  this  program.  Their 
eojcational  background  may  be  found  in  the  Appendix  A  to  this  report. 

UAC  SCIENTIFIC  ADVISORY  CQIftlITTEE 


Dr,  Sanborn  C.  Brown 

Dr.  Pol  E.  Duwez 

Dr.  Irvin  Glassman 

Dr.  George  B.  Kistiakowsky 

John  S,  Lee 

Dr.  Bernard  Lewis 

Dr.  Thornton  Page 

Wright  A.  Perkins 

Dr.  Robert  V.  Pound 


Dr.  Isidor  Rabi 
Dr.  Frederick  Seitz 
Dr.  Igor  I.  Sikorsky 
Dr.  C.  Richard  Soderberg 
Dr.  H.  Guyford  Stever 
Dr.  Theodore  Theodorsen 
Dr.  George  E.  Valley 
Eugene  Vidal 
Dr.  Walter  Wrigley 
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SECTION  II 

ORGANIZATION  -  FLORIDA  RESEARCH  AND  DEVELOPMENT  CENTER 

The  Florida  Research  and  Development  Center  is  a  separate  profit 
center  of  the  Pratt  &  Whitney  Aircraft  Division,  and  has  both  the  authority 
and  the  responsibility  for  managing  the  programs  conducted  in  Florida, 
within  the  bounds  of  over-all  corporate  and  division  policy.  The  Center 
ma  propose  new' programs ,  and  enter  into  contracts.  Approval  by  the 
Division  President  is  obtained  when  commitments  are  made  by  the  Center  that 
involve  corporate  funds  or  use  of  other  company  facilities. 

The  Florida  Research  and  Development  Center  has  recognized  that  special 
problems  are  created  by  the  physical  separation  from  P&WA  Connecticut 
Operations  and  its  line  departments.  For  this  reason  the  project  engineer¬ 
ing  system  traditional  at  Pratt  &  Whitney  Aircraft  has  been  expanded  in  the 
course  of  the  RL10  and  J58  programs  to  place  all  aspects  of  these  programs 
under  the  full-time  direction  of  a  single  individual  or  Program  Manager. 

This  program  manager  directs  the  activities  for  his  program  (including 
development,  delivery,  and  product  support)  whether  the  work  is  performed 
in  Connecticut,  Florida,  or  in  the  field.  In  addition,  special  interplant 
communications  systems  and  scheduled  interplant  visits  have  been  brought 
into  play  to  provide  effective  coordination  between  Florida  and  Connecticut. 
This  included'  regular  company  plane  service  (  discontinued  since  commercial 
jet  service  was  established  to  Palm  Beach  County),  computer  tie  lines, 
overnight  mail  delivery,  telephone  tie  lines,  and  conference  lines,  and 
teletype  facilities. 

In  practice,  the  program  manager's  authority  over  the  operating 
department  activities  transcends  the  functional  organization's  lines. 

A  program  manager  is  selected  based  on  his  qualifications  to  organize, 
direct,  and  control  the  technical  and  business  management  of  his  programs. 

The  fundamental  criterion  governing  the  placement  of  the  program  in  the 
organization  is  to  provide  active  management  participation  at  a  level 
commensurate  with  the  needs  of  the  program.  For  example,  the  RL10  and 
J58  managers  reported  to  the  General  Manager  of  the  Florida  Research  and 
Development  Center  during  the  critical  phases  of  these  programs; 
currently  these  program  managers  report  to  the  Chief  Engineer.  Other 
smaller  programs  that  involve  primarily  research  end  development  currently 
report  to  the  Director  of  Applied  Research  or  to  the  Assistant  Chief 
Engineer  -  Advanced  Technology.  Fundamentally,  the  program  manager  is 
successful  in  directing  his  work  through  the  overlay  of  program  management 
on  the  line  departments  because  all  elements  of  the  organization  are 
indoctrinated  in  this  method  of  operation  by  experience  and  as  a  matter 
of  policy,  and  because  the  program  manager  authorizes  and  controls  the 
incurrence  of  costs.  The  success  of  this  program  management  system  at 
the  Florida  Research  ami  »e  'elopment  Center  is  borne  out  b)  the  results 
achieved  In  two  major  programs  encompassing  development  and  production 
phases.  The  JT11  turbojet  and  the  RL10  liquid  oxygen/hydrogen  rocket 
engines  were  developed  at  the  Florida  Research  and  Development  Center  and 
later  produced  at  Pratt  &  Uhitney  Aircraft's  Connecticut  Operations. 

Program  management  for  both  these  programs  has  remained  with  the  Florida 
Research  and  Development  Center  throughout  the  development,  production, 
and  product  support  phases.  The  J^ll  turbojet  engines  now  in  production 
v  are  the  only  turbojet  engines  known  to  be  flying  daily  at  sustained  speeds 
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in  excess  of -2,000  miles  per  hour.  Liquid  hydrogen  was  little  more  than 
a  iaooratory  curiosity  when  the  company  began  the  development  of  the 
RL1Q  hydrogen-fueled  rocket  engine  in  1556;  from  this  challenging  beginning, 
the  RL10  apace  engine  has  achieved  a  record  of  complete  success  in  ail  of 
its  missions,  the  latest  being  the  Surveyor  soft  lunar  landing. 

The  program  management  concept  which  will  be  used  for  Phase  XII 
is  the-ss. e  one  that  has  been  used  at  the  Florida  Research  and  Develop¬ 
ment  Center  since  1961  for  the  J58,  the  RL10,  and  other  research  and 
development  programs.  The  personnel  who  will  manage  the  various  aspeats 
of  the  JTF17  program  and  those  who  will  conduct  the  work  net  only  have 
broad  experience  in  powerplant  development  and  production,  but  al3o  have 
the  benefit  of  having  all  worked  together  as  a  team  on  other  programs, 
n  many  cases,  these  associations  have  existed  for  ten  or  twenty  years. 

For  Phase  III  of  the  SST  Program,  the  JTF17  Program  Manager  will 
^report  directly  to  the  General  Manager  of  the  Florida  Research  and 
Development  Center.  The  general  relation  of  the  JTF17  program  to  the 
Florida  Research  and  Development  Center  staff  functions,  to  the  six 
operating  departments,  and  to  other  programs  is  shown  on  figure  2.  Each 
functional,  or  operating  department  is,  of  course,  specialty  oriented 
and  as  such  is  charged  with  the  responsibility  of  acquiring  and  maintaining 
the  necessary  high  level  of  competence  in  the  specialized  fields  required 
for  the  fulfillment  of  business  obligations.  This  basic  functional 
organization  provides  the  type  and  level  of  effort  which  may  be  required 
by  each  program  within  the  constraints  of  time,  costs,  and  performance 
as  established  by  the  Program  Manager.  The  experience  and  background 
of  the  Florida  Research  and  Development  Center  management  group  shown 
in  figure  2  is  described  below; 

WILLARD  L„  GORTON  -  GENERAL  MANAGER 

As  General  Manager,  Mr.  Gorton  has  direct  responsibility  for  manage¬ 
ment  of  the  Florida  Research  and  Development  Center.  Mr.  Gorton  has 
30  years  experience  with  Pratt  &  Whitney  Aircraft  in  various  engineering 
and  engineering  management  positions  and  has  been  General  Manager  of  the 
Florida  Research  and  Development  Center  since  July  1961,  He  was  Project 
Engineer  in  charge  of  R-2800  engine  development  when  it  was  introduced 
into  commercial  airline  service  in  the  DC-6,  Convair  240,  and  Martin  202. 
y*r .  Gorton  directed  development  of  the  J42  and  J48  jet  engines  starting 
in  1947.  Subsequently,  in  an  engineering  management  capacity,  he  was 
Involved  in  the  introduction  of  the  JT3  and  JT4  turbojet  and  the  JT3D 
turbofan  engines  into  commercial  airline  use.  The  development  of  the 
Mach  3  J58  engine  was  also  conducted  under  his  overall  management. 

EDWIN  L.  DAVIS  -  ASSISTANT  TO  THE  GENERAL  MANAGER 

As  Assistant  to  the  General  Manager,  Mr.  Davis  functions  as  business 
manager  and  has  the  responsibility  for  the  Contract  Administration 
activity.  He  has  13  years  experience  with  Pratt  &  Whitney  Aircraft  as 
legal  counsel  and  contract  negotiator  and  has  been  in  his  present  position 
since  1961,  Mr.  Davis  was  formerly  a  practicing  attorney  and  is  a  member 
of  the  Bar  of  the  United  States  District  Court  for  the  District  of 
Columbia  and  of  the  United  States  Court  of  Appeals  for  the  District  of 
Columbia  Circuit. 
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ALBERT  R.  WELDCW  -  CHIEF,  CONTRACT  ADMINISTRATION 

As  Chief,  Contract  Administration,  Mr.  Weldon  is  responsible  for  the 
negotiation  and  administration  of  contracts  and  for  coordination  and  sub¬ 
mission  of  proposals.  He  has  9  years  experience  wit‘\  Pratt  &  Whitney 
Aircraft,  6  years  of  which  have  been  as  Chief,  Contract  Administration. 

Mr.  Weldon  is  a  graduate  of  the  United  States  Naval  Academy  and  retired 
as  Captain,  United  States  Navy,  after  22  years  service  including  assign¬ 
ments  such  as  Director  of  Contracts  Division  and  Deputy  Comptroller  and 
Comptroller,  Bureau  of  Aeronautics. 

RONALD  F.  THOMPSON  -  DEPARTMENT  COUNSEL,  CONTRACTS 

As  Department  Counsel,  Contracts,  Florida  Research  and  Development 
Center,  Mr.  Thompson  provides  legal  advice  in  the  negotiation  and 
administration  of  contracts.  He  was  formerly  a  practicing  attorney 
in  New  York  City  and  is  a  member  of  the  Bar  of  the  State  of  New  York 
and  of  the  United  States  District  Court  for  the  Southern  District  of 
New  York.  Mr.  Thompson  is  a  member  of  the  American  Bar  Association. 

ALBERT  M.  DI  BATTISTO  -  PURCHASING  MANAGER 

Mr.  Di  Battisto,  as  Purchasing  Manager,  is  responsible  for  all  pro¬ 
curement  at  the  Florida  Research  and  Development  Center.  Mr.  Di  Battisto 
has  14  years  experience  in  all  phases  of  purchasing  with  Pratt  &  Whitney 
Aircraft  and  has  been  responsible  for  purchases  totaling  $60  million  annually. 

REYNOLD  L.  CALEEN  -  CHIEF,  FIELD  OPERATIONS 

In  his  current  position,  Mr.  Caleen  provides  product  support  for  the 
RL10  rocket  engine  and  the  J58  supersonic  turbojet  engine  program 
managers  and  will  have  similar  responsibilities  for  the  JTF17  engine 
in  Phase  III,  Following  five  years  experience  in  flight  test  engineering 
with  United  Airlines,  Mr.  Caleen  has  held  various  product  support  positions 
with  Pratt  &  Whitney  Aircraft  for  the  past  27  years.  This  has  included 
five  years  as  Chief,  Western  Field  Engineering  an<*  six  years  in  his 
current  assignment  at  the  Florida  Research  and  Development  Center. 

RICHARD  J.  GOAR  -  ENGINEERING  MANAGER 

Mr.  Coar,  as  Engineering  Manager,  is  responsible  for  the  management 
of  engineering  design  and  development  functions  at  the  Florida  Research 
and  Development  Center,  Mr.  Coar  has  24  years  experience  in  propul eion 
development  at  Pratt  &  Whitnay  Aircraft  and  has  guided  the  engineering 
programs  at  the  Florida  Research  and  Development  Center  since  it  was 
established  in  1956.  As  project  engineer  he  was  deeply  involved  in  the 
development  of  the  JT4  engine  prior  to  its  introduction  into  airline 
service . 


Pratt  ft  Whitney  Aircraft 

PWA  PT  66-100 
Volume  V 


BRUCE  N.  TORELL  -  CHIEF  ENGINEER 

As  Chief  Engineer,  Mr.  Torell  assists  the  Engineering  Manager  in 
directing  the  design  and  development  of  air  breathing  and  rocket  engines 
at  the  Florida  Research  and  Development  Center.  Mr.  Torell  has  24  years 
experience  in  propulsion  system  development,  of  which  20  years  have  been 
with  Pratt  &  Whitney  Aircraft.  He  held  a  project  engineering  position 
in  the  development  of  the  JT4  engine,  and  for  the  past  five  years  at 
the  Florida  Research  and  Development  Center  has  been  involved  in  the 
development  of  the  RL10  rocket  engine,  the  J58  supersonic  turbojet, 
and  the  JTF17  Phase  IIC  engine. 

ROBERT  H.  FOSTER  -  DEPARTMENT  CONTROLLER 

Mr.  Foster,  as  Department  Controller,  is  responsible  for  all 
accounting  and  treasury  operations  at  the  Florida  Research  and  Development 
Center.  He  has  had  this  responsibility  since  1961  and  has  a  total  of 
24  years'  experience  in  accounting  and  treasury  with  Pratt  &  Whitney 
Aircraft. 

ALDEN  F.  SMITH  -  CHIEF,  ENGINEERING  OPERATIONS 

As  Chief,  Engineering  Operations,  Mr.  Smith  is  responsible  for 
manufacturing,  assembly,  test,  materials  engineering,  computing 
laboratory,  facilities,  and  c  .lity  assurance.  These  line  departments 
provide  the  Florida  Research  and  Development  Center  program  managers 
with  the  manufacturing  and  laboratory  support  required  to  fulfill 
program  requirements.  Under  Mr.  Smith's  direction  since  1961,  these 
departments  have  provided  services  for  both  RL10  and  J58  development 
and  delivery  programs,  in  addition  to  other  engineering  projects. 

Mr.  Smith  has  had  25  years'  experience  with  Pratt  &  Whitney  Aircraft 
including  overall  design  engineering  responsibility  for  the  JT3  and 
JT3D  engines.  He  is  the  inventor  of  the  bifurcated  short  fan  duct 
configuration  used  on  the  JT3D  and  TF33  turbofans. 

FRANK  F.  SCHIRM  -  PERSONNEL  MANAGER 

Mr.  Schirm  was  appointed  Personnel  Manager  at  the  Florida  Research 
and  Development  Center  in  1957  and  is  responsible  for  all  Employment, 
Personnel  Training,  Personnel  Health  and  Safety,  Plant  Protection, 

Wage  and  Salary  Administration,  and  Employee  Labor  Relations  activities. 

He  has  23  years'  experience  with  Pratt  &  Whitney  Aircraft  in  the  field 
of  personnel  and  industrial  relations. 
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SECTION  III 

JTF17  PROGRAM  MANAGEMENT 

One  of  the  major  strengths  of  the  Pratt  &  Whitney  Aircraft  program 
management  approach  is  the  ability  to  handle  several  major  programs 
concurrently  through  utilization  of  a  strong  functional  organization 
that  serves  the  needs  of  the  several  programs.  The  system  of  staffing 
and  providing  facilities  to  support  the  functional  requirements  of 
multiple  programs  permits  the  most  advantageous  application  of  the 
company's  resources  to  all  programs.  Trained,  experienced  personnel 
and  specialized  facilities  are  available  and  can  be  phased  in  and  out 
of  each  program  as  requirements  dictate.  This  minimizes  uneconomical 
duplication  of  facilities  and  avoids  the  instability  associated  with 
recruiting  new  personnel  for  each  new  program,  and  avoids  the  discharge 
of  those  whose  functions  are  phasing  out.  As  a  result,  a  staff 
experienced  in  specialized  fields  and  capable  of  fulfilling  the 
functional  requirements  of  each  program  has  been  developed  and  retained. 
This  management  approach  is  designed  to  derive  the  maximum  benefit  from 
the  strengths  of  a  functional  organization.  Design,  development,  and 
production  of  propulsion  systems  is  the  division's  chief  business,  and 
new  programs  that  fall  within  the  field  of  experience  developed  by  the 
functional  organizations  benefit  from  the  interchange  of  expert  knowledge 
which  has  been  accumulated.  Accordingly,  Pratt  &  Whitney  Aircraft  believes 
that  the  use  of  its  existing  program  management  structure  is  uniquely 
suited  to  the  requirement  of  the  SST  Engine  Program,  and  will  result  in 
the  most  judicious  use  of  funds,  facilities,  and  personnel. 

For  Phase  III  of  the  SST  Program,  Mr.  W.  H.  Brown,  currently  the 
J58  Program  Manager,  has  been  selected  to  be  JTF17  Program  Manager,  and 
Mr.  G.  A.  Titcomb,  currently  the  Phase  II-C  JTF17  Program  Manager,  has 
been  selected  to  be  JTF17  Deputy  Program  Manager.  The  day-to-day 
direction  of  the  JTF17  program  will  be  provided  by  the  Program  Manager 
and  his  deputy,  assisted  by  five  managers  assigned  to  the  following 
areas  of  responsibility: 

•  Development 

•  Program  Controls 

•  Product  Assurance 

•  Product  Support 

•  Engine  Delivery 

A  JTF17  Management  Committee  having  aa  members  the  General  Manager, 
the  heads  of  the  Florida  Research  and  Development  Center  line  depart¬ 
ments,  and  the  Assistant  Sales  Manager  will  r  ;et  periodically  to 
establish  policy  and  provide  aanageawnt  guidance  for  the  program. 

The  JTF17  program  management  will  elao  be  responsive  to  the  airlines' 
requirements  es  expressed  by  an  Airline  Review  Board.  This  overall 
JTF17  program  management  organisation  is  summarized  on  figure  3.  The 
specific  responsibilities  of  the  five  Managers  assigned  to  the  program 
and  their  relation  to  the  functional  departments  ere  shown  in  subsequent 
sections  of  this  report.  These  responsibilities  are  related  to  the 
Phase  III  work  breakdown  structure  in  Appendix  C  to  thie  report. 
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Meetings  of  the  Management  Committee  will  normally  be  held  weekly, 
and  special  meetings  will  be  called  by  the  General  Manager  or  Program 
Manager  as  program  developments  require.  By  the  operation  of  the  Man¬ 
agement  Committee,  Florida  Research  and  Development  Center  management 
will  participate  actively  in  the  conduct  of  the  JTF17  program  and  will 
be  kept  fully  aware  of  program  problems  and  requirements  for  management 
action.  This  management  technique  is  identical  to  that  used  at  the 
Florida  Research  and  Development  Center  on  the  J58  supersonic  turbojet, 
the  RL10  hydrogen  rocket  engine,  and  Phase  II-C  of  the  SST  Program. 

These  meetings  will  be  directed  by  the  Florida  Research  and  Develop¬ 
ment  Center  General  Manager,  or  in  his  absence  the  Engineering  Manager, 
who  will  receive  oral  reports  from  the  JTF17  Program  Manager.  His  re¬ 
port  will  cover  the  areas  of  design,  development,  manufacturing,  and 
product  support  and  will  also  include  progress  in  meeting  the  cost, 
schedules,  and  performance  requirements.  The  Program  Manager  will  call 
upon  the  managers  responsible  for  JTF17  Development,  Program  Controls, 

Product  Assurance,  Product  Support,  and  Engine  Delivery  to  assist  in 
making  this  report.  They  will  review  major  program  problems,  provide 
a  planned  course  of  action  along  with  any  alternatives,  and  report  on 
their  final  successful  solution.  The  Chairman  will  assign  responsi¬ 
bilities,  resolve  conflicts  in  plans  or  use  of  facilities,  and  estab¬ 
lish  schedules  to  support  the  Program  Manager's  recomnendations  for 
meeting  program  requirements  or  solving  problems.  On  occasion,  the 
Chairman  may  direct  program  changes  or  problem  solutions  if  they  are 
required  in  his  judgment  to  meet  over-all  program  objectives.  The 
Deputy  Program  Manager  will  serve  as  secretary  and,  as  directed  by  the 
Chairman,  will  maintain  a  list  of  problems  Including  the  assigned  re¬ 
sponsibilities  and  schedules  for  corrective  action. 

Pratt  &  Whitney  Airciaft  recognises  that  the  airlines  desire  to 
work  directly  and  clolsely  with  the  airframe  and  engine  contractors 
during  the  SST  design  and  development  programs.  To  achieve  the  max¬ 
imum  effectiveness,  the  sirHnes  have  organized  industry  committees 
and  endeavored  to  reach  a  common  position  on  policy  and  planning  re¬ 
garding  technical  questions.  One  committee  known  as  the  Airline  Super¬ 
sonic  Transport  Committee  with  Mr.  W.C.  Mentser  as  Chairman  has  already 
contributed  substantially  to  the  SST  Program  in  Phase  II-C.  So  that 
the  airlines'  contributions  may  continue  to  be  effective,  Pratt  & 

Whitney  Aircraft  will  plan  specific  program  reviews  for  the  airlines 
and  will  invite  them  to  serve  as  an  Airline  Review  Board  for  the  JTF17 
Engine  Program.  The  schedule  for  these  reviews  will  be  coordinated 
with  the  airlines.  These  reviews  to  be  conducted  by  JTF17  Program 
Manageamnt  will  cover  policy  and  planning  aspects  of  major  technical 
questions,  as  well  as  reports  on  program  progress. 

Personnel  shown  on  figure  3  who  have  not  been  identified  in  earlier 
sections  of  this  report  have  the  qualifications  and  responsibilities 
described  below: 

WILLIAM  B.  BROWN  JTF17  PROGRAM  MANAGER 
GORDON  A.  TITCOKB  -  JTF17  DEPUTY  PROGRAM  MANAGER 

As  Program  Mans/ »ra,  Mr,  Brown  sad  Mr.  Tltcomb  will  be  responsible 
for  managing  all  pb  sea  of  tha  SST  laglna  Program  and  for  providing 
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effective  coordination  and  communication  with  the  Federal  Aviation  Agen¬ 
cy,  the  selected  airframe  contractor,  and  the  using  airlines.  These 
managers  will  be  delegated  the  necessary  authority  to  meet  cost,  sched¬ 
ule,  and  performance  requirements  of  the  Phase  III  program. 

Mr.  Brown  has  been  selected  as  Program  Manager  to  take  full  advantage 
of  the  experience  he  gained  in  managing  the  J58  engine  program.  In  that 
program,  he  has  pioneered  in  solving  the  development  problems  associated 
with  qualifying  a  turbine  engine  to  operate  continuously  at  high  turbine 
temperatures  in  an  environment  more  hostile  than  foreseen  for  the  SST. 

He  has  also  demonstrated  the  ability  in  the  YF-12A  and  SR- 71  airplane 
programs  to  resolve  interface  compatibility  problems  between  the  engine 
and  its  Installation  and  has  provided  effective  field  support  in  the 
post-certification  phase.  Mr.  Brown  has  27  years  experience  with  Pratt 
&  Whitney  Aircraft  in  engine  development  and  engineering  management  in¬ 
cluding  9  years  at  the  Florida  Research  and  Development  Center.  He  held 
the  position  of  project  engineer  successively  on  the  J42  and  J48  engine 
programs  in  the  late  1940's  and  was  directly  responsible  for  the  develop¬ 
ment  of  th»  first  Pratt  &  Whitney  Aircraft  afterburner  as  well  as  the 
afterburners  used  on  military  J57  engines..  He  subsequently  was  Project 
Engineer  on  the  JT3  when  it  was  first  flown  in  the  prototype  Boeing  707 
(367-80),  and  later  on  the  JT4  engine,  and  was  directly  responsible  for 
the  development  program  neceaaary  to  obtain  the  commercial  Type  Certif¬ 
icates  for  these  two  engines. 

Mr.  Titcoab'a  experience  in  program  management  includes  his  current 
position  as  program  manager  of  the  JTF17  Phase  IIC  activity,  and  his 
prior  assignment  as  RL10  Program  Manager  where  he  was  responsible  for 
development,  delivery,  and  field  support  of  the  world's  first  bvdrogen- 
fueled  rocket  engine.  He  has  18  years  experience  at  Pratt  &  *  tney 

Aircraft  including  development  responsibility  as  project  engi  er  in 
the  JS2,  JT4 ,  and  JT3D  engine  programs. 

Both  Mr.  Brown  and  Mr.  Tltcoob  have  had  overall  program  management 
responsibility  for  previous  programs  where  the  development  was  conducted 
in  Florida,  and  which  Involved  product  support  from  the  Connecticut 
functional  departments  and  the  production  delivery  of  engines  manufac¬ 
tured  in  Connecticut. 

JOHN  CRATC,  JR.  -  ASSISTANT  SALES  MANAGES 

As  Assistant  Sales  Manager,  Mr.  Craig  has  had  direct  responsibility 
under  the  Vice  President,  Marketing,  for  all  of  the  marketing  activities 
on  the  SST  engine  project.  Mr.  Craig  has  32  yesrs  experience  wi-h  Pratt  A 
Whitney  Aircraft,  27  of  which  have  been  in  various  field  engineering  and 
marketing  capacities.  In  these  capacities,  he  has  been  closely  associ¬ 
ated  with  the  transport  aircraft  manufacturers  and  with  the  airline  op¬ 
erators,  both  domestic  and  foreign,  on  many  coaawrcial  transport  projects. 
Mr.  Craig  will  continue  to  serve  the  SST  program  as  a  member  of  the  JTF17 
Management  Committee  representing  the  Marketing  Department. 

RICHAID  C.  KURD  -  MANAGES,  JTF17  DEVELOPMENT 

k 

Aa  Development  Manager ,  Mr.  Burd  will  be  responsible  for  directing 
the  design  and  development  of  the  JTFl 7  engine.  He  hes  been  selected 
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for  this  position  based  on  his  experience  as  project  engineer  during 
the  JTF17  Phase  II-C  program  and  as  the  project  engineer  responsible  for 
the  150  hour  qualification  testing  of  the  only  U.S.  Mach  3+  production 
turbojet  (J58).  Mr.  Hurd  has  20  years  of  research  and  development  ex¬ 
perience  at  United  Aircraft  Corporation,  including  assignments  as  proj¬ 
ect  engineer  on  the  JT4  engine. 

SEYMOUR  BELLA*  -  MANAGER,  JTF17  CONTROLS 

Mr.  Beliak  will  be  responsible  in  this  position  for  fiscal 
management,  data  management,  and  program  planning  aspects  of  the 
JTF17  program.  Mr,  Beliak  has  had  similar  responsibilities  in  the 
JTF17  Phase  II-C  program  and  earlier  in  the  RL10  rocket  engine  pro¬ 
gram.  He  has  18  years'  experience  in  propulsion  development  at 
Pratt  &  Whitney  Aircraft,  including  nine  vears  at  the  Florida  Research 
and  Development  Center. 

ROBERT  B.  ABERNETHY  -  MANAGER,  JTF17  PRODUCT  ASSURANCE 

Dr.  Abernethy's  program  responsibilities  will  include  Configuration 
Management,  Reliability,  Safety,  Maintainability  and  Human  Engineering, 
Standardization,  Value  Engineering,  and  Quality  Assurance.  He  is 
currently  responsible  for  JTF17  performance  analysis  and  was  earlier 
in  charge  of  all  reliability  and  statistics  at  the  Florida  Research 
and  Development  Center.  He  has  11  years'  experience  at  Pratt  &  Whitney 
Aircraft  and  is  the  inventor  of  the  bleed-bypass  cycle  used  currently 
in  the  J58.  Dr.  Abernethy  is  a  Fulbright  Scholar  and  a  Fellow  of  the 
Royal  Statistical  Society. 

WARREN  P.  RICHARD  -  MANAGER,  JTF17  PRODUCT  SUPPORT 

Mr.  Richard  will  be  responsible  for  directing  all  product  support 
activities  for  the  JTF17  program  including  spare  parts  provisioning, 
field  service,  and  field  engineering.  He  will  also  coordinate  field 
problems  with  the  reliability,  safety,  and  maintainability  engineers 
and  will  maintain  an  effective  liaison  for  the  program  manager  with  the 
Federal  Aviation  Agency,  the  airframe  contractor,  and  the  airlines. 

He  brings  to  this  position  hio  past  experience  as  RL10  product  support 
manager,  and  his  knowledge  of  the  JTF17  program  gained  during  his 
current  assignment  as  assistant  to  the  JTF17  program  manager.  Mr.  Richard 
has  24  years'  experie :.ce  in  product  support  positions  at  Pratt  A  Whitney 
Aircraft.  From  1945  to  1953,  as  Supervisor  of  field  service  foi  the 
eastern  United  States,  he  was  responsible  for  Pratt  &  Whitney  Aircraft's 
support  of  engine  overhaul  activities  at  Pan  American,  Eastern,  National, 
and  Capital  airlines. 

JAMES  B.  ROETS  -  MAI. ACER,  JTF17  DELIVERY 

Mr.  Roets  will  manage  the  delivery  of  prototype  engines  during  Phase 
III  and  will  direct  the  overhaul  of  these  engines.  Mr.  Roets  held  similar 
responsibilities  under  the  RL10  program  manager,  where  he  directed  the 
on-time  delivery  of  over  100  rocket  engines.  His  24  years'  experience 
at  Pratt  &  Whitney  Aircraft  includes  assignments  in  development  engineer¬ 
ing,  quality  assurance,  materials  control,  and  production  liaison  engineer¬ 
ing. 
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A.  DEVELOPMENT  MANAGEMENT 

The  development  of  the  JTF17  engine  will  be  directed  by  project 
engineer’s  under  Mr.  Burd  using  the  project  engineering  system  initiated 
at  Pratt  &  Whitney  Aircraft  in  1939.  These  project  engineers  direct 
the  design-construct-test-analyze-redesign  cycle  that  is  the  key  to 
successful  propulsion  levelopment. 

Figure  4  t'-hevs  the  program  management  provided  by  these  project 
engineers  as  it  is  overlaid  on  the  operating  departments.  Generally, 
the  design  analysis  and  drawings  are  provided  by  the  Design  Department; 
hardware  is  scheduled  by  Manufacturing  Operations  either  within  th£ 
engineering  shops  or  through  Purchasing  from  vendors;  parts  are 
assembled  in  Experimental  Assembly,  and  subjected  to  test  in  the  Test 
Operations  or  Materials  laboratories.  Analysis  of  results  is  performed 
in  Test  Operations  and  Design  using,  as  required,  the  services  of  the 
Computing  Laboratory.  All  of  these  functions  are  performed  In 
accordance  with  project  engineers’  instructions.  Any  develoDment 
activity  must  be  authorized  by  an  engineering  order  supplement  approved 
by  the  Development  Manager  and  the  Program  Manager. 


To  provide  positive  assurance  that  there  will  be  a  cross  flow  of 
information  from  other  related  projects  to  the  JTF17  design,  a  Design 
Review  Board  of  senior  program  personnel  has  been  established.  This 
Board  will  continue  to  review  the  JTF17  design  and  development  status 
on  a  scheduled  basis  to  ensure  that  the  JTF17  program  will  derive  full 
benefit  from  the  knowledge  gained  in  state-of-the-art  research  programs, 
the  continuing  J58  program,  and  particularly  from  the  experience  gained 
from  our  other  engines  in  commercial  service.  The  members  of  this 
Board,  headed  by  Mr.  Brown  and  Mr.  Titcomb,  will  be  as  follows: 

Florida  Research  and  Development  Center  Members 

J.  F.  McDermott  -  (J58) 

H.  N.  Cotter  -  (Performance) 

R.  A.  Schmidtke  -  (Applied  Research) 

W,  P.  Richard  -  (JTF17  Product  Support) 

Connecticut  Operations  Members  Title 

F.  H.  Morrison  -  (JT4)  Project  Engineer 

G.  E.  Woodger  -  (JT3D  and  JT9)  Project  Engineev 

F.  T.  Sprogell  -  (JT8D)  Asst.  Chief  Engineer, 

Production  Engines 
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Key  personnel  in  the  operating  departments  that  will  support  the 
JTF17  development  are  listed  below: 

WESLEY  E.  GWATKJN  -  CHIEF,  MANUFACTURING  OPERATIONS 

Mr.  Gwatkin  is  responsible  for  providing  the  manufacturing  capabilities 
required  by  program  management,  including  facilities,  tooling,  and  man¬ 
power.  The  assembly  and  material  control  phases  of  manufacturing  are 
also  under  his  supervision.  He  has  28  years'  experience  in  engineering, 
material  control,  and  manufacturing  including  5  years  in  his  present 
position  at  the  Florida  Research  and  Development  Center. 

JAMES  C.  PEED  -  CHIEF,  TEST  OPERATIONS 

Mr.  Peed,  is  responsible  for  supervising  the  activities  of  all 
turbojet  and  rocket  engine  test  departments  including  instrumentation 
and  data  acquisition  activities.  He  has  had  this  responsibility 
since  1961.  Mr.  Peed  has  21  years'  e  erience  in  aircraft  propulsion 
development  engineering  and  testing  activities  at  Pratt  &  Whitney 
Aircraft  in  a  variety  of  technical  and  supervisory  positions  including 
5  years  in  charge  of  the  company's  flight  test  activities  at  Edwards 
Air  Force  Base,  California. 

JOSEPH  B.  MOOSE  -  CHIEF,  MATERIALS  LABORATORIES 

Mr.  Moore  is  responsible  for  all  materials  development  activity 
and  provides  metallurgical,  chemical,  and  physical  testing  services 
for  program  management .  Mr.  Moore  has  been  responsible  for  much  of 
the  high  temperature  metallurgy  used  in  the  J58  turbine,  particularly 
the  successful  application  of  IH100  to  turbine  airfoils,  and  the 
development  of  consistent  properties  in  Astroloy  forgings.  He  has 
12  years'  experience  in  materials  engineering. 

ROBERT  N.  GUADANO  -  CHIEF,  COMPUTING  LABORATORY 

Mr.  Guadano  is  responsible  for  supervision  of  specialists  engaged 
in  scientific  and  engineering  problem  mathematical  analysis,  digital 
applications  programming,  analog  simulation,  and  scientific  data 
processing  operations.  He  provides  program  management  with  the  required 
electronic  data  processing  and  computing  capability.  Mr.  Guadano  has 
14  years'  experience  In  the  application  of  high  speed  computers  to 
scientific  and  engineering  problems  at  the  United  Aircraft  Corporation 
Research  Laboratories  and  as  Chief,  Computing  Laboratory  at  the  Florida 
Research  and  Development  Center  sines  1957. 

BENNETT  S.  SAVIN,  JR.  -  CHIEF,  ENGINE  DESIGN 

As  rhief,  Engine  Design,  Mr.  Savin  is  rssponsibls  for  all  design 
activicles  including  board  design,  analytical  design,  drafting,  and 
design  services.  Mr.  Savin  has  28  years'  design  experience  of  which 
24  years  have  been  with  Pratt  &  Whitney  Aircraft.  During  the  period 
1*50-1956,  he  was  assistant  chief  of  the  design  group  which  designed 
the  JT3/J57  engine,  and  he  holds  the  patent  for  the  twin-spool  engine 
concept  employed  in  the  JT3,  JT4,  JT3D ,  JT8D,  end  other  Pratt  &  Whitney 
engines.  He  has  baen  in  charge  of  the  Florida  Research  and  Development 
Canter  Design  Department  since  195?.  He  (^nd  Mr.  Ledwlth,  below) 
carried  primary  responsibilities  for  the  J58  engine  design, 
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WALTER  A.  LEDWITH  -  ASSISTANT  CHIEF,  ENGINE  DESIGN 

Mr.  Ledwith  has  assisted  Mr,  Savin  in  the  technical  direction  of 
the  Florida  Design  Department  since  1961.  He  has  27  years  experience 
in  design  engineering  of  which  25  years  have  been  with  Pratt  &  Whitney 
Aircraft  and  includes  involvement  in  most  of  turbine  engines  designed 
in  Hartford  up  to  the  time  he  came  to  Florida  Research  and  Development 
Center  in  1961.  Mr.  Ledwith  was  one  of  the  design  engineers  responsible 
for  the  original  JT3  design  and  holds  47  patents  in  the  field  of  propulsion. 

Th«  qualifications  of  some  of  the  design  specialists  who  will  be 
assigned  to  the  JTF17  program  are  listed  in  Appendix  B  to  this  report. 
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1.  Project  Engineering 

The  senior  project  engineers  assigned  to  assist  Mr.  Hurd  in  the 
development  of  the  JTF17  engine  are  shown  on  figure  5.  Where  the 
sharing  of  facilities  or  specialist  services  is  required,  as  in  con¬ 
trol  development  or  performance  analysis,  the  assigned  project 
engineers  reside  with  a  specialist  group.  In  this  way,  the  JTF17 
control  development  will  benefit  from  the  experience  encountered  in 
the  J58  program,  with  over-all  guidance  for  the  work  on  both  control 
systems  continuing  under  Mr.  Esmeier.  Similarly,  the  JTF17  per¬ 
formance  section  will  receive  guidance  from  Mr.  Cotter  and  will  have 
available  the  analytic  methods  developed  in  the  RL10  and  J58  programs. 
Experimental  programs  advancing  the  state-of-the-art  and  which  may 
have  application  to  the  JTF17  will  be  conducted  under  the  general 
supervision  of  Dr.  R.  A.  Schmidtke'a  Applied  Research  group  because 
new  concepts  in  combustion,  heat  transfer,  or  compressor  techniques 
receive  more  attention  and  make  better  initial  progress  wt  an  they 
are  divorced  from  the  day-to-day  pressures  of  a  development  program 
that  has  a  schedule  to  meet. 

The  qualifications  of  the  senior  project  engineers  selected  for 
the  key  positions  shown  on  figure  5  are  given  below; 

ARTHUR  F.  HIEGEL  -  PROJECT  ENGINEER 

As  Project  Engineer,  Mr.  Hiegel  will  continue  to  be  responsible 
for  hot  section  engine  development  as  he  has  been  during  Phase  II-C. 

Mr.  Hiegel  has  18  years'  experience  with  Pratt  &  Whitney  Aircraft  in 
design  and  development  engineering.  He  has  been  largely  responsible 
for  the  development  of  the  J58  high  temperature  convectively  cooled 
turbine.  His  previous  experience  included  work  on  the  R2800  and 
JT3/J57  and  JT4/J75  engines. 

FREDERICK  L.  PARKER  -  PROJECT  ENGINEER 

Mr.  Parker  will  be  responsible  for  general  engine  development 
and  for  fan  and  compressor  component  development.  He  has  27  years' 
experience  in  engine  development  and  was  one  of  the  project  engineers 
on  the  JT3/J75  engine.  Mr.  Parker  has  specialised  in  hydrogen 
turbopuap  development  and  is  currently  project  engineer  in  charge  of 
advanced  RL10  rocket  engine  activity, 

JOSEPH  M.  SILK  -  PROJECT  ENGINEER 

As  colonel.  United  States  Air  Force,  Mr.  Silk  has  been  Chief  of 
the  Aeronautical  Propulsion  Laboratory,  Directory  of  the  Rocket  Propul¬ 
sion  Laboratory,  and  Deputy  Chief  of  Staff  for  Research  and  Engineering, 
in  the  Air  Force  System*  Command,  Prior  to  these  assignments,  h*^  was 
chief  engineer  in  the  B52  weapon  systems  project  office.  Mr,  Silk's  ex¬ 
perience  in  airframe/engine  integration  will  be  valuable  in  his  position 
in  charge  of  engine  development  programs  aimed  at  improving  inlet  compatibi¬ 
lity  and  solving  interface  problmas  between  the  engine  and  airframe.  He 
will  atso  be  responsible  for  development  of  external  engine  components 
including  the  exhaust  system. 
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GEORGE  F.  AXMBRUSTER  -  PROJECT  ENGINEER 

Mx.  Armbruster  will  be  assigned  to  the  JTF17  program  to  con¬ 
duct  general  engine  and  augmentor  development.  He  is  currently  a  pro¬ 
ject  engineer  on  the  supersonic  cruise  J58  engine,  and  has  26  years' 
experier.ee  at  Pra'.t  &  Whitney  Aircraft,  including  work  on  the 
commercial  version  of  the  RA360  engine.  He  was  the  project  engineer 
in  charge  of  the  first  Federal  Aviation  Agency  certification  test  on 
the  JT4  commercial  jet  engine. 

EDWARD  F.  E5MEIER  -  CHIEF,  CONTROLS  &  ACCESSORIES 

Mr.  Eameier  will  continue  in  charge  of  the  project  groups  respon¬ 
sible  for  control  and  accessory  development  on  the  J58  and  JTF17 
engines.  He  is  familiar  with  the  competence  of  all  the  major  vendors  in 
this  field  of  activity  and  has  specialised  in  this  work  for  most  of  his 
26  years  at  Pratt  &  Whitney  Aircraft.  Mr.  Esmeier  he*  been  directly 
responsible  for  the  development  of  the  operational  engine  controls  used 
on  the  JT3/J57  and  J58  engine.  The  J58  control  system  operates  without 
external  cooling  under  environmental  conditions  considerably  more  severe 
than  will  be  encountered  on  the  SST  engine. 

JOHN  E.  LASATKR  -  PROJECT  ENGINEER 

Mr.  Lasater  will  be  assigned  to  the  JTF17  program  to  take  charge 
of  the  control  and  fuel  system  component  development  for  the  en¬ 
gine.  He  has  18  years'  experience  in  engine  end  control  development 
at  Pratt  &  Whitney  Aircraft  In  his  current  assignment  as  a  J58  control 
project  engineer,  Mr.  Lasa.^*  has  been  responsible  for  Che  development 
of  «..<e  engine  governing  system  that  provides  airflow  control  to  meet 
supersonic  Inlet  requirements  of  the  YF-12  and  SR-71  aircraft. 

HARRY  N.  COTTER  -  CHIEF,  PERFORMANCE  AND  STATISTICS 

Mr.  Cotter  will  continue  to  have  technical  supervision  of  the  analyt¬ 
ical  groups  responsible  for  performance  analysis  of  ground  and  flight 
test  rasults  from  JTF17,  J58,  and  ELIO  enginas.  He  has  i8  years?  experi¬ 
ence  at  Pratt  A  Whitney  Aircraft  and  was  in  charge  of  JT4/J75  perform¬ 
ance  analysis  prior  to  his  transfer  to  the  Florida  Research  and  Develop¬ 
ment  Center  in  1958.  At  the  Florida  Raaaarch  and  Development  Center  he 
has  supervised  supersonic  exhaust  system  model  testing  and  analysis,  in 
addition  to  cycle  analysis  and  flight  test  date  reduction  programs. 

STANLEY  H.  ELLIS  -  PROJECT  ENGINEER 

Hr.  Ellis  will  be  in  charge  of  ell  JTF17  performance  analysis. 

He  haa  been  selected  for  this  position  because  of  his  outstanding  work 
In  the  analysis  of  J58  flight  and  ground  test  data,  for  which  he  is 
currently  responsible.  Mr.  Ellis  has  been  e  flight  test  section  leader 
for  Axmetrong-Whltworth  Aircraft  end  a  chief  engineer  for  United  States 
Industries,  Incorporated,  prior  to  joining  Pratt  *  Whitney  A  craft  in 
1958. 
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RICHARD  A.  SCHMIDTKE  -  DIRECTOR  OF  APPLIED  RESEARCH 

As  Director  of  Applied  Research,  Dr.  Schmidtke  manages  contract 
and  company  programs  aimed  at  improving  the  state-of-the-art  in  air- 
breathing  and  rocket  propulsion.  Under  his  direction  the  Applied 
Research  group  has  evolved  several  highly  efficient  cooling  techniques, 
the  ram  induction  burner,  the  double-wall  vaporizing  combustor,  and 
has  made  progress  in  advanced  variable  geometry  compressor  concepts. 

He  received  his  doctorate  in  mechanical  engineering  from  the  University 
of  Illinois  in  1953  and  has  held  his  present  position  since  1960.  Work 
on  advanced  concepts  for  the  JTF17  will  be  performed  under  Dr.  Schmidtke' s 
supervision  by  JOHN  CHAMBERLAIN  and  CHARLES  L.  JOSLIN.  Mr.  Chamberlain 
was  responsible  for  the  novel  chamber  cooling  technique  used  in  the  Pratt 
&  Whitney  Aircraft  high  pressure  rocket  engine  and  is  co-inventor  of  the 
ram-induction  burner  that  has  made  turbofans  practical  for  SST  applica¬ 
tion.  Mr.  Joslin  conducted  the  initial  experimental  work  on  the  ram- 
induction  burners  and  on  advanced  heat  transfer  concepts  that  made 
possible  the  application  of  full  convective  cooling  to  the  JTF17  turbine. 

The  qualifications  of  other  development  specialists  who  will  be 
assigned  to  the  JTF17  Phase  III  program  are  listed  in  Appendix  B  to 
this  report,  following  the  design  personnel  resumes.  Experienced 
assistant  project  engineers  and  experimental  engineers  will  be  assigned 
to  this  project  engineering  team  to  conduct  the  development  program. 
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B.  PROGRAM  CONTROLS 

Th«  JTF17  program  control  organization  under  Mr.  Bella;  is  shown 
on  figure  6. 

JOE  J.  WILCOX,  a  coat  control  engineer ,  will  be  in  charge  of  estab¬ 
lishing  budgets,  evaluating  coats,  revising  estimates,  and  advising  the 
program  manager  on  the  financial  status  of  the  program.  Mr.  Wilcox  has 
had  20  years' experience  in  the  United  States  Navy,  including  14  years 
of  procurement  and  contracting  officer  responsibilities.  He  is  well 
qualified  for  this  new  assignment  by  his  past  four  years’  experience 
as  cost  control  engineer  for  the  J58  program  manager. 

NICHOLAS  W.  BARRE  will  continue  to  be  responsible  for  data  Manage¬ 
ment  on  the  JTF17  program,  including  the  generation,  collection,  prep¬ 
aration,  and  dissemination  ..f  JTF17  data  to  the  government,  the  air¬ 
frame  contractor,  and  the  airlines.  Mr.  Barre  has  three  years.’  experi¬ 
ence  with  the  company  in  development  engineering  work. 

JAMES  T.  DAUGHTRIOGE  will  be  assigned  to  the  program  control  organi¬ 
zation  to  coordinate  the  requirements  for  and  to  maintain  the  Master 
Program  Plan  and  the  Detailed  Work  Plan,  described  in  Volume  V.  He 
is  currently  an  assistant  project  engineer  in  the  JTF17  development 
group  and  has  8  yearrf  experience  in  propulsion  development. 
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C.  PRODUCT  ASSURANCE 

The  produce  assurance  ersenization  under  Dr.  Abernethy  and  its 
relation  to  the  operating  departments  are  shown  on  figure  7. 

DONALD  E.  LAW,  as  Chief,  JTF17  Reliability,  will  be  responsible 
for  all  reliability  analysis,  assessment  and  reporting,  and  for  pro¬ 
viding  technical  direction  to  the  Design  and  Develops'-  t  Reliability 
Groups  to  assure  that  the  JTF17  meets  its  reliability  goals.  Mr.  Law 
has  8  years'  experience  in  engineering  analysis  and  has  been  responsible 
for  reliability  analysis  for  the  RL10  rocket  engine  program. 

EDWARD  CUSHING,  as  JTF17  Safety  Engineer,  will  coordinate  the  work 
to  provide  maximum  engine  safety  consistent  with  other  engineering 
parameters  throughout  the  design,  development,  production,  and  service 
phases  of  the  engine  program  and  assure  that  safety  aspects  have  been 
coordinated  with  the  airframe  manufacturer.  Mi  ishing  has  23  years 
in  propulsion  development,  of  which  11  years  have  been  with  Pratt  & 
Whitney  Aircraft.  He  was  responsible  for  the  high  pressure  hydraulic 
system  for  the  JS8. 

GERARD  LEDDT,  as  JTF17  Value  Engineer,  will  coordinate  and  control 
the  implementation  of  the  Value  Engineering  Program  to  provide  function- 
to-cost  evaluation  of  all  aspects  of  the  JTF17  engine  program,  as  de¬ 
scribed  in  Volume  IV.  Mr.  Laddy  has  16  years'  experience  in  propulsion 
system  design  and  development.  Including  nine  years  at  the  Florida  Re¬ 
search  and  Development  Center  as  a  supervisor  in  Project  Material  Con¬ 
trol  where  he  was  responsible  for  supplying  hardware  to  meet  engine 
development  requirements. 

ROBERT  T.  HASKO,  as  Chief,  Configuration  Management,  will  coordi¬ 
nate  the  JTF17  configuration  management  program  to  provide  engine  and 
component  part  identification,  engineering  change  control  procedures, 
and  component  and  engine  assembly  accountability,  as  described  in 
Volume  V,  Report  C.  Mr.  Hasko  is  currently  a  senior  design  analyst 
at  the  Florida  Research  and  Development  Center,  respc^isfble  for  adapt¬ 
ing  electronic  data  processing  to  the  configuration  rnsagement  records 
eystaa.  He  has  20  years'  experience  in  engineering  design  work. 

ALLAH  ANDERSON,  as  Chief,  JTF17  Maintainability  and  Human  Engineer¬ 
ing,  will  coordinate  the  affort  necessary  to  ensure  that  the  objectives 
of  reducing  engine  maintenance  coat,  reducing  engine-chargeable  down¬ 
time,  and  minimi  clog  human  error  are  cor.videred  throughout  all  phases 
of  the  JTF17  engine  program  from  design  inception  through  operational 
service,  Mr.  Anderson  has  22  years'  experience  in  product  support 
c spec i ties  for  Prett  4  Whitney  Aircraft.  He  was  Assistant  Area  Super¬ 
visor  covering  the  central  United  States  providing  service  coverage 
for  this  region,  prior  to  his  current  assignment  supporting  the  J58 
engine.  In  addition  to  this  experience  with  the  supersonic  JS8,  Mr. 
Anderson  has  an  intimate  knowledge  of  airline  maintenance  and  engine 
overhaul  problems  gained  from  hie  earlier  assignment a  at  various  air¬ 
lines  including  Eastern,  Rational,  American,  Northwest,  Brsniff,  Pan 
American,  BOAC,  Swissair,  Sabena,  and  Air  India. 
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F.  WEBB,  as  Standardization  Engineer,  will  provide  the  direction 
necessary  to  ensure  that  the  standardized  parts,  processes,  and  procedures 
are  considered  for  application  to  the  JTF17  engine  consistent  with  the 
objectives  of  ensuring  reliability,  safety  and  quality,  improving  main¬ 
tainability,  and  reducing  costs ..  Mr.  Webb  has  five  years'  experience  in 
turbine  engine  design,  including  three  veers  specializing  in  standard¬ 
ization. 

JOHN  J.  MARQUARDT,  as  Chief,  Quality  Assurance,  will  direct  all 
phases  of  the  quality  control  program,  asdescribed  in  Volume  V.  He 
will  keep  the  JTF17  Product  Assurance  Manager  apprised  of  quality 
assurance  status  and  provide  special  reports  or  corrective  action  as 
requested  by  the  program  management.  Mr.  Marquardt,  a  graduate  engineer, 
has  24  years  of  quality  assurance  experience  at  Pratt  &  Whitney  Aircraft. 
He  has  been  responsible  for  adapting  air-gage  systems  to  airfoil  inspec¬ 
tion  and  for  developing  optical  alignment  systems  to  inspect  engine 
interfsc*  locations.  At  the  Florida  Research  and  Development  Center, 

Mr.  Marquardt  has  established  quality  assurance  procedures  that  meet 
the  standards  of  MIL— Q-9858A  and  NPC-20G-2  for  both  development  and 
production  aspects  of  the  RL10  and  the  J58  engines. 
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D.  PRODUCT  SUPPORT 

A  general  descripti.xi  of  Pratt  &  Whitney  Aircraft’s  product  support 
activities  is  given  in  the  company  competence  section.  Report  K  of  this 
Volume  V. 

The  JTF17  product  support  organization  is  9hown  on  figure  8.  During 
the  development  phase,  in  addition  to  the  normal  product  support  functions 
under  Mr.  Richard,  project  engineers  and  experimental  engineers  will  also 
be  stationed  at  AEDC,  at  the  airframe  contractor’s  plant,  and  at  the 
flight  test  site  to  provide  engineering  assistance  for  these  test  pro¬ 
grams.  The  product  support  groups  shown  on  figure  8  function  as  follows. 

PLIGHT  OPERATIONS  ENGINEERS  work  with  the  commercial  airlines' 
flight  operations  groups  in  the  refinement  of  Pratt  &  Whitney  Aircraft 
Specific  Operating  Instructions  to  meet  the  needs  of  each  airline's 
route  structure.  They  assist  thi  airlines  in  establishing  operating 
procedures  to  extend  useful  engine  life  and  ride  in  the  cockpit  as 
necessary  to  assist  in  the  analysis  and  solution  of  operational  prob¬ 
lems  encountered  in  flight  on  the  airlines  routes.  Flight  Operations 
Engineers  will  be  assigned  to  the  JTF17  product  support  organization 
to  assist  in  the  development  of  the  JTF17  Specific  operating  Instruc¬ 
tions  to  guide  the  application  of  the  AIDS  system  to  engine  condition 
monitoring  and  to  bring  practical  airline  engine  operations  experience 
into  the  early  development  phase. 

WILLIAM  E.  BURKE  will  be  responsible  for  the  Service  Support  activ¬ 
ities  for  the  JTF17  program.  This  includes  the  Field  Service  Represent¬ 
atives  assigned  to  the  ground  and  flight  test  activities  and  to  the 
engine  heavy  maintenance  and  overhaul  sites,  the  technical  support  for 
these  representatives,  the  design  and  development  of  ground  support 
equipment,  preparation  of  JTF17  Service  Bulletins  and  Maintenance 
and  Overhaul  Manuals,  and  Customer  training.  Following  a  career  in 
Naval  Aviation  as  a  carrier  operations  and  test  pilot,  Mr.  Burke  has 
spent  the  last  twelve  years  in  the  Pratt  &  Whitney  Aircraft  Service 
Department  in  technical  activities  associated  with  maintenance  and  over¬ 
haul  commercial  engine  planning.  Since  1958  he  has  been  responsible  for 
all  service  functions  associated  with  the  J58  program. 

WALTER  L.  TH1ER  will  direct  the  JTF17  Spare  Parts  activity  which 
includes  the  planning  for  and  provisioning  of  spare  parts  and  GSE  to 
support  the  ground  and  flight  test  activities,  the  control  of  these 
parts  and  GSE  throughout  the  logistic  cycle,  the  preparation  of  spares 
and  GSE  documentation  such  as  Parts  Catalogs,  Prices  Parts  Lists,  and 
recommended  spares  levels  for  airline  operation,  and  the  Spare  Parts 
Representatives  stationed  at  the  field  sites.  Mr.  Thier's  twenty- 
four  years  at  Pratt  &  Whitney  Aircraft  includes  a  broad  background 
of  worldwide  logistic  experience.  Since  1954  he  has  been  directly 
associated  with  field  logistic  activities  at  various  military  engine 
overhaul  depots  and  at  major  operating  bases  throughout  Europe  and  tie 
Far  East.  Mr.  Thier  has  directed  all  spares  activities  associated  with 
the  J58  and  the  RL'O  programs. 
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ROBERT  H.  FRAZIER  will  continue  **o  be  responsible  for  all  Installation 
Engineering  activity  in  the  JTF17  program.  This  includes  control  of  the 
Pratt  &  Whitney  Aircraft  Field  Survey  Layout  System  by  which  all  Pratt  & 
Whitney  Aircraft  engineering  changes  in  the  airframe/engine  Interface 
areas  are  coordinated  with  the  airframe  manufacturer.  Installation 
Engineering  provides  the  technical  liaison  between  the  project  engineer¬ 
ing  organization  responsible  for  JTF17  development  and  the  Pratt  &  Whitney 
Aircraft  Field  Engineers  at  the  airframe  manufacturer's  production  and 
test  sites.  He  is  responsible  also  for  the  support  of  JTF17  mock-ups 
at  the  airframe  manufacturer's  design  and  engine  buildup  sites  and  the 
publication  of  the  JTF17  Installation  Handbook  and  Specific  Operating 
Instructions.  Mr.  Frazier  has  been  associated  with  Installati'"*  and 
Field  Engineering  activities  at  Pratt  &  Whitney  Aircraft  for  t.ie  past 
fifteen  years  including  participation  in  the  Boeing  707  flight  test 
program  as  a  field  engineer.  He  has  been  responsible  for  all  J58 
Installation  engineering  effort  since  1959. 

FIELD  ENGINEERS  are  currently  active  at  both  airframe  manufacturers 
in  providing  JTF17  technical  assistance  to  each  relative  to  their  SST 
design  study  effort.  This  activity  will  increase  with  the  initiation 
of  Phase  III,  and  additional  Field  Engineers  will  be  assigned  to  the 
JTFI7  Product  Support  organization.  Field  Engineers  are  responsible 
for  assisting  the  airframe  manufacturer  in  the  design  integration  of 
the  JTF17  engine  into  the  SST  airframe.  Their  primary  function  is  to 
coordinate  all  performance  and  installation  engineering  information 
with  the  airframe  manufacturer.  This  includes  the  engineering  change 
activity  in  the  airframe/engine  interface  areas  associated  with  the 
Pratt  &  Whitney  Aircraft  Field  Survey  Layout  System  and  JTF17  mock-ups. 

COMMERCIAL  SALES  ENGINEERS  are  actively  participating  in  the  present 
competitive  phase  of  the  SST  program  by  keeping  the  airlines  abreast  of 
Phase  II-C  JTF17  developments.  This  activity  will  intensify  as  Phase  III 
proceeds.  The  Commercial  Sales  Engineers  provide  the  medium  through 
which  all  technical  and  marketing  ’ata  is  exchanged  with  the  potential 
SST  customers. 
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E.  ENGINE  DELIVERY 

The  JTF17  Engine  Delivery  organization  (Prototype  and  Overhaul)  at 
the  Florida  Research  and  Development  Center  is  shown  on  figure  9.  During 
Phase  III,  four  ground  test  and  sixteen  prototype  engines  are  scheduled 
for  delivery.  In  addition,  during  Phases  III  and  IV,  engine  overhauls 
will  be  performed  in  support  of  the  aircraft  flight  test  program.  This 
work  will  be  performed  at  the  Florida  Research  and  Development  Center, 
where  in  addition  to  a  separate  management  group,  physically  separate 
areas  will  be  set  aside  for  inspection,  storage,  and  assembly  of  the 
parts,  materials,  and  components  used  in  delivery  and  overhaul  engines. 

By  this  segregation,  any  accidental  commingling  of  flight  parts  and 
experimental  parts  is  avoided,  and  the  formalized  documented  procedures 
necessary  for  quality  assurance,  assembly,  and  test  of  flight  engines 
can  be  readily  implemented. 

The  Manager,  JTF17  Engine  Delivery  (Mr.  J.  B.  Roets)  and  the  delivery 
project  engineers  assigned  to  his  group  will  direct  the  efforts  of  the 
functional  departments  in  accomplishing  the  delivery  of  engines  to  meet 
the  required  schedules.  In  accordance  with  Instructions  from  the  Deliv¬ 
ery  Manager,  Manufacturing  Operations  will  issue  orders  to  the  Purchasing 
Department  for  those  raw  materials,  finished  parts,  and  tooling  to  be 
procured  for  the  program,  and  will  also  perform  the  day-to-day  scheduling 
and  expediting,  and  the  manufacture  of  tooling  and  parts  in  the  shops  at 
the  Florida  Research  and  Development  Center.  The  Engine  Delivery  Manager's 
project  group  will  issue  instructions  to  the  segregated  Delivery  Assembly 
Floor  for  the  assembly  of  new  prototype  engines  and  for  the  reassembly  of 
overhaul  engines.  As  directed  by  this  project  group,  acceptance  testing 
of  these  engines  will  be  performed  on  a  designated  test  stand  by  the 
delivery  engine  test  section,  and  assistance  in  the  evaluation  of  tent 
results  will  be  provided  by  the  JTF17  performance  group. 

The  Phase  V  Production  Management  Organization,  together  with  the 
Program  Management  lines  of  authority  over  the  production  program  and 
the  relationship  of  the  J58  and  the  TF30  production  engine  programs,  is 
shown  on  figure  10.  The  JTF17  production  engines  will  be  manufactured 
in  Connecticut,  with  program  management  and  development  remaining  in 
Florida.  This  arrangement  la  the  same  as  that  used  in  the  RL10  and  J58 
programs  while  these  engines  were  manufactured  in  Connecticut.  The  JTF17 
Production  Manager  in  Connecticut  will  be  designated  at  the  beginning  of 
Phase  V. 

As  indicated  by  figure  10,  configuration  control  of  the  manufacture 
of  production  engines  is  the  responsibility  of  the  JTF17  Program  Manager, 
and  no  change,  no  matter  how  small,  can  be  made  in  the  design  of  the 
production  engine  without  the  approval  of  the  JTF17  Program  Manager  or 
his  Florida  based  Engine  Delivery  manager.  This  includes  changes  made 
simply  to  facilitate  manufacturing  and  is  the  same  system  of  design 
configuration  control  employed  for  those  commercial  and  military  engines 
design  and  developed  by  the  East  Hartford  Engineering  Department. 
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Formal  communications  are  received  through  the  Florida  Research 
and  Development  Center  Mail  Control  Section  which  logs,  disseminates, 
and  follows-up  on  action  requirements  of  each  incoming  piece  of  cor¬ 
respondence.  Recipients  of  action  correspondence  are  required  to 
prepare  responses  as  requested,  obtain  the  necessary  approvals,  and 
appropriately  distribute  the  replies.  External  informal  communications, 
dually  by  telephone  or  meeting,  are  recorded  by  internal  memorandum 
and,  when  appropriate,  confirmed  by  letter.  Internal  communication 
is  mostly  written  and  follows  the  Program  Management  lines  of  authority 
with  informal  coordination  occurring  at  all  levels.  Data  management 
for  the  Phase  III  program  is  described  in  Volume  V,  Report  D. 

A.  COMMUNICATIONS  WITH  THE  FEDERAL  AVIATION  AGENCY,  AIRFRAME  CON¬ 
TRACTORS,  AND  AIRLINES 

The  working  level  channels  of  direct  communication  already  estab¬ 
lished  between  the  Program  Management  organization  and  their  Federal 
Aviation  Agency  counterparts  will  be  continued  and  expanded  to  meet 
the  needs  of  the  program.  The  Program  Manager  will  maintain  direct 
communication  with  the  Federal  Aviation  Agency  Engine  Project  Manager. 

The  JTF17  managers,  who  have  full  authority  and  responsibility  to  ac¬ 
complish  their  particular  portions  of  the  program,  will  maintain  direct 
communications  with  their  Federal  Aviation  Agency  counterparts.  Those 
individuals  covering  specific  areas  of  effort  such  as  Reliability, 

Safety,  Maintainability,  and  Quality  Assurance  will  be  direct  points 
of  contact  for  matters  relating  to  these  subjects.  Contractual  matters 
will  be  coordinated  by  the  Contract  Administrator.  These  direct  channels 
of  communication  are  maintained  at  appropriate  organizational  levels  to 
eliminate  delays  Inherent  in  systems  which  permit  contact  only  at  the 
top  levels . 

Communications  with  the  airframe  contractor  will  be  coordinated 
by  the  JTF17  Product  Support  Manager  who  will  maintain  close  contact 
with  the  airframe  contractor  personnel  directly  as  well  as  through 
Pratt  6  Whitney  Aircraft  Field  Engineers  who  will  be  in  residence 
at  the  airframe  contractor's  facility.  Telephone  discussions  and 
frequent  visits  between  the  aircraft  contractor's  engineering  staff 
and  the  JTF17  project  engineers  will  continue  to  supplement  normal 
communication  through  our  established  Field  Engineering  organization. 

Normal  communication  and  coordination  with  the  airlines  through 
our  Commercial  Sales  Engineering,  Flight  Operations  Engineering,  end 
Field  Service  organizations  will  be  augmented  by  the  Airline  Review 
Board  previously  described.  In  addition,  when  the  airlines  start 
S5T  operation,  periodic  visits  to  the  airlines*  engineering,  mainte¬ 
nance,  and  overhaul  actlvitiaa  will  ba  made  by  JTF17  project  engineers 
personally  to  acquire  information  concerning  any  rroblema  being  encountered 
so  that  appropriate  corrective  design  and  develop,  t  work  can  be  initiated 
on  the  basis  of  first-hand  knowledge. 

The  Pratt  i  Whitney  Aircraft  office  in  Washington  will  continue 
to  be  available  to  assist  with  communications. 


SECTION  IV 
COMMUNICATIONS 
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B.  INTERNAL  COMMUNICATIONS 

The  Program  Manager  utilizes  both  formal  and  informal  channels  of 
communication  in  directing  the  course  of  the  program.  The  formal 
channels  are  used  for  program  directives  and  periodic  technical,  budg¬ 
etary,  and  manpower  reports.  Upon  receipt  of  a  contract,  for  example, 
formal  work  orders  describing  the  effort  to  be  accomplished  are  di¬ 
rected  to  the  appropriate  functional  departments.  These  key  documents 
establish  the  basis  for  over-all  program  performance,  scheduling,  and 
cost  control. 

Informal  communications  play  the  most  vital  part  in  the  management 
of  the  program.  Weekly  Management  Committee  meetings  are  conducted 
for  schedule,  cost,  and  performance  reviews.  Dally  informal  morning 
reports  are  submitted  by  the  individual  sub-managers  (Development, 
Delivery,  Program  Control,  etc.)  to  the  Program  Manager  and  General 
Manager  presenting  the  status  of  activities  in  their  areas  of  effort. 
Informal  channels  provide  lmaediate  intelligence  on  all  phases  of  the 
program  to  the  Program  Manager  so  that  he  is  at  all  times  advised  as 
to  the  latest  developments  and  no  time  is  lost  in  making  vital  decisions 
to  effect  prompt  resolution  of  program  problems. 
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SUPPORTING  FUNCTIONS 


Engineering  Operations  provides  services  of  the  machine  shop,  assembly 
and  test,  master  mechanic,  prototype  engine  production  engineering,  materials 
control,  plant  engineering,  facilities  planning,  quality  assurance,  materials 
laboratory,  and  computing  laboratory.  These  extensive  services  and  facilities 
will  be  used  for  the  manufacture  of  parts,  assembly,  and  testing  of  the  JTF17 
development  and  prototype  engines.  These  functional  organizations  will  be 
employed  to  satisfy  the  requirements  established  by  the  JTF17  Program 
Managers  as  described  earlier  in  this  report. 

Quality  Assurance  reports  directly  to  the  Chief,  Engineering  Opera¬ 
tions  who  in  turn  reports  to  the  General  Manager.  The  organization 
under  the  Chief,  Quality  Assurance  has  jurisdiction  over  quality 
control  of  all  parts  and  materials  to  determine  their  compliance 
with  the  design  and  quality  standards.  They  review  drawings  to 
establish  quality  requirements  and  assure  that  assemblies,  compo¬ 
nents,  and  tests  meet  the  specified  requirements.  A  complete 
description  of  this  function  has  been  presented  in  the  Product 
Assurance  Program,  Volume  IV. 

Manufacturing  Operations  will  provide  the  necessary  services 
including  make-or-buy  determination,  process  planning,  tool  de¬ 
sign,  machine  shop,  sheet  metal  shop,  assembly,  heat  treat, 
plating,  and  master  mechanic  (tooling),  as  described  in  the 
Manufacturing  Plan,  Volume  V,  As  directed  by  the  Program  Manage¬ 
ment,  manufacturing  operations  will  produce  the  mockups,  parts, 
assemblies  of  components  and  engines  required  for  development, 
prototype  delivery,  and  overhaul  portions  of  the  program. 

Test  Operations  will  provide  the  test  facilities,  equipment,  in¬ 
strumentation,  and  trained  personnel  required  to  perform  the  pro¬ 
gram  testing  as  directed  by  the  JTFl?  project  engineers.  Services 
provided  by  the  Test  Operations  organisation  include  the  accumula¬ 
tion  of  specified  data  and  preliminary  analysis,  and  data  reduc¬ 
tion  preparatory  to  analysis  at  the  Computing  Laboratory . 

Facilities  Section  will  provide  the  necessary  facilities  planning 
and  construction  to  meet  the  program  requirements  specified  by 
the  program  management. 

Materials  Laboratory  will  provide  the  service*  necessary to  es¬ 
tablish  that  material s  received  meet  applicable  specifications, 
assist  with  engineering  ac. crisis  investigations ,  including 
failure  analysis,  and  assure  vendor  materials  conform  to 
specification. 

Computing  Laboratory  will  provide  coaputlag  services  to  meet  efte 
engineering  and  business  requirements  of  the  program.  Develop¬ 
ment  engineering  is  provided  with  digital  and  analog  data  reduc¬ 
tion,  and  analysla  uxil i zing  the  most  recent  equipment  available. 

Business  statistics,  analyses,  and  reports  suited  to  coxqwter 
programing  are  prepared. 
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Field  Operations  Department  directs  the  activities  of  . 

provide*  ..rule.  treiol^  £2  >2  £  22 

Sup22  M.222  “  r“P<m“  t0  dIrectl™  fro-,  the  JTF17  Product 

colt  ^  8  PSd"!?-  **  iep‘rt~nt  est^li^e!  procedures  Of 

ratio^st^1*^?0^  r*portitl*  under  a  «°rk  order  end  program  authori- 
*  ttl  S!'  aJ?  *ccountin8  Procedures  have  been  nadeavailable 

to  the  DCAA  auditors  and,  of  course,  will  be  made  available  «  l! 

..urSrSHg  5ST-  r"»°“lble  tot  the  procurement  from  out.id. 

eer22.  2222222  **”*•  “°pr0<iuct  ■“«“«,  teu  met.ri.la,  end 
services  required  in  the  operation  of  Pratt  &  Whitney  Aircraft  The 

policy  for  subcontracting  recognizes  these  three  aost  important  oblectives* 

1)  to  assure  quality,  2)  to  assure  on-schedule  delivery  and  3)  to  aKf,i 

2TSSV22:  2*  dTTlf£lM*  -  h~  S£«~  vLt°be  L2 

2l2«V  "hlt"J  *f  cr»f t  e  procurement  policies  ere  Included  or 
o  ?-r,onnel  Pepartaent  -  Brnloyaent,  Plant  Protection,  Shoo  Traini™ 

clearances  are  arranged  by  his  departaent.  appropriate  security 

jSSL**6*  Administration  under  tbs  Chief,  Contract  Administratis 
cnotSSStM  propoeel  pr.per.tloo  M  u,l,t  m  m2«l2S 

«d  contract  revleloce.  Ib.  Coutrect  xd.lnl.tr.toJ  .d22l  2.?22en 

*l2*o2Jl2ri2^Cri  r*JuIt***“t.  and  contractual  interpretation.  He 
alaoprevidee  adainistratlve  services  to  sll  Pratt  6  Whitney  Aircraft 
functional  departaents  regarding  contract  requlraaenta. 
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PERSONNEL  SUMMARY 


Experience  on  the  Pratt  &  Whitney  Aircraft  Team  and  the  Educational 
Background  of  some  of  the  specialists  to  be  assigned  to  the  SST  Phase  III 
program  are  listed  below. 


Years  with 

P6WA 

Name 

Institution 

Degree 

11 

nbernethy,  R.  B. 

Rensselaer 

1952-BSME 

Rensselaer 

1958-M.  Sc.  Ind.  Mgt. 

Univ,  of  London 

I965-Ph.  D.  Statistics 

26 

Armbruster,  G.  F. 

Rensselaer 

1939-BSAeE 

3 

Barre,  N. 

Missouri 

1959-BSME 

Missouri 

1962-MSME 

16 

Beliak,  S. 

Delaware 

1948-BSME 

9 

Borgmeyer,  C.  H. 

Miami 

1957-BSME 

Trinity  &  Rensselaer 

Graduate  Studies 

27 

Brown,  W.  H. 

Mississippi  State 

1939- BSME 

6 

Brown,  L.  L. 

Duke 

1949-BSME 

20 

Chamberlain,  J. 

M.l.T. 

1944-BSAeE 

13 

Churchill,  L.  0. 

Bucknell 

1950-BSME 

6 

Clark,  J.  C. 

North  Carolina  State 

1960-BSME 

18 

Cotter,  H.  N. 

Cornell 

1946-BSME 

Cornell 

19  *6-1948  Graduate  Studies 

11 

Cushing,  E. 

Rhode  Island  State 

1943-BSMF. 

8 

Daughtridge,  J. 

North  Carolina  State 

1958-B6ME  (Aero) 

24 

Demers,  J.  R. 

Connecticut 

1952,-ME 

37 

Doran,  P.  D. 

Yale 

1927-BS 

9 

Dower,  J.  H. 

Worcester  Poly- 

1940-BSME 

technical  Instit. 

16 

Duttcn,  J.  A. 

Nebraska 

1950-BSME 

8 

Ellis,  S,  H. 

Coventry  Technical 

1943-Higher  National 

College 

Certificate  in  Aeronautical 
Engineering 

Cincinnati,  Brevard, 
California 

1953,  1960-Graduate  Studies 

26 

Esmeier,  E.  F. 

Purdue 

1940-BSME 

10 

Elsaesser,  F.  J. 

South  Dakota  State 

1943-BSME 

Columbia 

1949-MSME 

18 

Flynn,  J.  J. 

Oregon 

1941-BS 

Harvard 

1947-MBA 

15 

Frazier,  R.  H. 

Rensselaer 

1952-BAE 

Univ.  of  Conn.  & 

Graduate  Studies 

Trinity 

6 

Funkhouaer,  R. 

Illinois 

1950-BSAE 

5 

Gordon,  II.  E. 

Univ.  of  Idaho 

1948-BSME 

9 

Guadano,  R.  N. 

Univ.  of  Bridgeport 

1950-BS  in  snath 

Columbia 

1952-MS  in  applied  math 

26 

Gwatkin,  W.  E. 

U.S.  Naval  Academy 

1936 

M.l.T. 

1938-BSME 

13 

Hiegel,  A.  F. 

Notre  Dame 

1943-BSAeE 

23 

Hoff,  R.  H. 

Rochester 

1942-BSME 

16 

Hurd,  R.  C. 

Purdue 

1946-BSME 

Connecticut 

1954-MSME 
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Years  with 

P&WA 

Name 

Institution 

Desree 

14 

Hurley,  R.  B. 

Delaware 

1950-BSME 

3 

Josiin,  C.  L. 

U.S.  Naval  Academy 

1943-BSEE 

U.S.  Naval  Post 
Graduate  School 

1951-BSAE 

M.I.T. 

1952-MSAE 

15 

Kalb,  A.  G. 

Purdue 

1951-BSME 

23 

Kessler,  J.  K. 

Oregon  State 

1935-BSME 

9 

Kobush,  H.  J. 

New  Mexico 

1950-BSME 

SHU  and  MIT 

1955-56  Graduate  Studies 

18 

Lasater,  J,  £. 

Virginia 

1945-BS  NROTC  engineering 

Date 

1948-BSME 

5 

Law,  0.  E«  Jr. 

Hobart 

1956-BS  Math/physics 

Columbia 

1958-MSIE 

9 

Leddy,  G. 

Stevens 

1950-BSME 

NYU 

lbo  3— Graduate  Aero  Eng. 

studies 

25 

Ledvith,  W.  A. 

Northwestern 

1939-BSME 

Connecticut 

1942-Graduate  Studies 

24 

Marquardt,  J.  J. 

Clarkson 

1942-BME 

25 

McDermott,  J.  F. 

Columbia 

1940- BSME 

1941- ME 

5 

Moore,  J.  B. 

Alabama 

1948-BSAE 

1955-MSME 

20 

Horrison,  F.  H. 

Worcester  Polytechnic 

1943-BSME 

Institute 

27 

Parker,  F.  L. 

Brown 

1939-BSKE 

16 

Peed,  J.  C. 

Minnesota 

1940-BSME 

25 

Renner,  H.  J. 

Columbia 

1940-BA 

Columbia 

1941-BSME 

24 

Richard,  W.  P. 

Minnesota 

1942-BME 

24 

Roets,  J.  B. 

Rutgers 

1942-BSME 

18 

Rubel,  H.  J. 

CCNY 

1948-BSME 

Connecticut 

1953-MSME 

17 

Ryberg,  R.  J. 

Minnesota 

1949-BSME 

Conn.  &  Rens. 

Graduate  Studies 

24 

Savin,  B.  S. 

Michigan 

1938-BSME 

6 

Schnidtke,  R.  A. 

Stanford 

1945-ASTP  Certificate 

Michigan 

1948-BSME 

194S-MSME 

Ill.  Inst,  of 

Tech. 

1953-Ph.D.ME 

Silk,  J.  N. 

Military  Ac. 

1941-BS 

Rensselaer 

1947-MS  in  Jet  Propulsion 

27 

Sprogell,  F.  T. 

Michigan 

1939-BSME 

15 

Stetson,  H.  D. 

Virginia 

1948-BA  Physics 

Ranaselaar 

1959-MSAE 

24 

Taylor,  S.  M. 

Brown 

1942-BSME 

Harvard 

19 5 5 -MBA 

6 

Thompson,  S.  Jr. 

Cornell 

1946-BSAEME 

Columbia 

1954-MSBA 
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Tit comb,  G.  A. 
Volpi,  U. 

Webb,  S.  R. 


Wilcox,  J.  J. 
Woodger,  G.  E, 


Princeton 

CCNY 

Kentucky 

Florida 

Naval  Academy 
Harvard 

Pratt  Institute 
Rensselaer 
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1948-BSME 

1950-BME 

1961-BSME 

1961-64  Graduate  Engineering 
studies 
1S44-BS 
1947-MBA 
193S-BME 

1966-Certificate  in  Mgat. 
Training 
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DESIGN  AND  DEVELOPMENT  PERSONNEL 

A.  DESIGN  SPECIALISTS 

In  the  Design  Department  under  Messrs.  Savin  and  Ledwith,  design 
specialists  with  applicable  experience  will  be  assigned  to  support  the 
JTF17  program.  The  qualifications  of  some  of  these  design  engineers  are 
summarized  in  the  following  paragraphs: 

CHARLES  NOTE  as  Chief  Design  Engineer  will  continue  to  be  responsible 
for  all  JTF17  design  activity,  reporting  to  Mr.  Ledwith.  Prior  to  his 
current  assignment,  Mr.  Nute  was  in  charge  of  all  J58  design  activity. 

HOWARD  KOBUSCH,  Senior  Design  Project  Engineer,  was  responsible  for 
external  design  and  installation  coordination  of  the  J58  advanced  high 
Mach  number  jet  engine.  This  work  included  directing  the  designs  of 
controls,  accessory  drives  starting  system,  and  afterburner.  Mr.  Kobusch 
has  been  responsible  for  the  mechanical  design  aspect  of  installation 
coordination  for  the  JTF17  engine.  He  has  9  years'  experience  in  gas 
turbine  design. 

ARNO  G.  KALB  is  a  Senior  Design  Project  Engineer  with  14  years' 
experience  in  gas  turbine  design.  His  past  experience  includes  mechani¬ 
cal  design  of  the  JT3  compressor,  design  of  a  variable  vane  compressor  for 
an  experimental  engine,  and  mechanical  design  responsibility  for  major 
J58  components.  These  have  included  the  compressor,  burner,  and  main 
bearing  section. 

HAROLD  D.  STETSON,  a  Senior  Design  Project  Engineer,  is  responsible 
for  the  aerodynamic,  thermodynamic,  heat  transfer,  and  fluid  flow  analy¬ 
sis,  and  the  aero-thermodynamic  design  ef  s-iv  breathing  engines.  His 
experience  has  included  the  aerodynamic  design  and  development  of  com¬ 
mercial  and  military  engines  over  the  past  15  years.  These  engines 
include  the  JT3,  JT4,  JT3D,  JT8D,  and  JT12  commercial  powerplants  as  well 
as  the  TF34,  J57,  J75,  J52,  JSO,  and  J58  military  engines. 

RAY  FUNKHOUSER,  a  Design  Project  Engineer,  will  continue  to  be  respon¬ 
sible  for  the  design  of  the  turbine,  primary  combustor  and  duct  heater  on 
the  JTF17.  His  past  experience  includes  responsibility  for  the  mechanical 
design  concepts  of  the  high  temperature  burner  and  the  high  temperature 
turbine  now  in  the  J56.  He  has  8  years'  experience  in  gas  turbine  design. 

LLOYD  L.  BROWN,  a  Design  Project  Engineer  with  17  years'  experience 
in  gas  turbine  design,  will  be  responsible  for  the  design  of  the  reverser- 
suppressor  and  accessory  drives  for  the  JTF17  engine.  His  past  experience 
at  the  General  Electric  Company  includes  design  supervision  of  the  J93 
external  engine  configuration.  In  this  capacity,  he  waa  responsible  for 
the  design  and  airframe  coordination  of  ail  engine  external  accessory 
drives  of  the  J93  engine  as  installed  in  the  B70.  Mr.  Brown  supervised  the 
mechanical  design  of  the  external  accessory  drives  for  the  J58,  both  for 
engine  accessories  and  airframe  drives. 
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JOSEPH  R,  DEMERS  Is  a  Design  Project  Engineer  who  has  been  associated 
24  years  with  aircraft  engine  design.  He  has  17  years'  experience  in  gas 
turbine  design.  He  has  been  responsible  for  the  design  of  J58  fuel  sys¬ 
tems,  variable  fuel  nczr'es,  and  external  engine  configurations. 

HERBERT  J.  RUBEL  is  a  Design  Project  Engineer  with  18  years'  experience 
in  gas  turbine  design,  and  specializes  in  stress  and  vibration  analysis. 

His  past  experience  includes  the  supervising  of  these  same  activities  on 
the  J58.  He  was  responsible  for  the  design  of  the  extended  root  cooled 
turbine  blades  and  the  extended  root  dashing  designs  now  used  on  the  J58. 

ROBERT  HURLEY,  as  a  Design  Project  Engineer  will  have  over-all  direc¬ 
tion  of  the  aerodynamic  end  thermodynamic  design  of  the  combustion  sections 
at  the  turbine  of  the  JTF17,  During  his  13  years'  experience  at  Pratt  & 
Whitney  Aircraft  he  has  been  associated  with  the  analytical  design  of  the 
JT3,  JT4,  JT8,  J58,  and  JT12  engines  in  a  similar  position.  He  was  asso¬ 
ciated  with  the  original  development  of  the  cooled  turbine  blade  and 
directed  the  thermodynamic  design  work  of  the  turbine  on  the  J58. 

CLARENCE  H,  BORGMEYER,  Design  Project  Engineer  with  9  years'  experience 
in  gas  turbine  design,  will  be  responsible  for  directing  the  JTF17  engine 
and  control  system  design  analysis,  and  the  formulation  and  development 
of  computer  simulations  of  these  systems.  During  the  past  eight  years  he 
has  directed  the  work  in  this  area  on  all  major  jet  engine  and  rocket  pro¬ 
grams  conducted  at  the  Florida  Research  and  Development  Center,  At  present 
he  is  supervisor  of  the  Engine  Controls  and  System  Analysis  Section  and 
the  Computer  Applications  Croup. 

UGO  VOLPI,  a  Senior  Designer,  will  continue  to  be  responsible  for  the 
SST  combustion  systems.  He  established  the  preliminary  design  analysis 
of  both  the  primary  and  duct  burner  systems  for  the  SST  engine  and  is  co¬ 
inventor  of  the  ram-induction  duct  burner,  Patent  Application  Serial  No. 
459,565.  Mr.  Volpi'a  past  experience  includes  responsibility  for  analy¬ 
tical  design  of  the  J58  main  combustor  and  afterburner.  He  has  16  years' 
experience  In  gas  turbine  design. 

JOHN  C.  CLARK,  Senior  Designer,  will  supervise  the  analytical  design 
of  bearings,  seals,  and  bellows.  He  has  six  years’  experience  in  the 
design  of  these  components  for  the  J58  engine.  He  has  bean  responsible 
for  the  analytical  design  in  investigation  of  high  speed,  high  load 
bearing  parameters. 

B.  DEVELOPMENT  SPECIALISTS 

In  the  project  engineering  groups  under  Mr,  Hurd,  development  special¬ 
ists  with  applicablt  experience  will  be  assigned.  The  qualifications  of 
some  of  these  project  engineers  are  given  below: 

JOSEPH  A.  DALEY,  JR.,  has  23  years'  experience  in  the  development  of 
fuels,  lubricsnts,  combustors,  gearboxes,  bearings  and  seala  for  gas 
turbine  engines.  He  has  been  responsible  for  the  performance  and  reliabil¬ 
ity  development  of  the  J58  engine  main  combustor  section,  afterburner  sec¬ 
tion,  gearboxes,  bearings  and  seals,  and  hydraulic  system  components. 
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RODGER  J.  RYBERG  has  17  years'  experience  with  Pratt  &  Whitney  Air¬ 
craft  in  engineering  development  of  ,T5 7 *  T34,  JT3D,  commercial  engines  and 
the  supersonic  transport  J58  engine.  In  particular,  Mr.  Ryberg  did  develop¬ 
ment  work  on  the  JT3D  thrust  reverser  and  on  exhaust  sound  suppression 
before  being  assigned  to  the  J58  program.  Mr.  Ryberg  has  been  responsible 
for  resolving  installation  problems  during  Phase  II-C  of  the  JTF17  pro¬ 
gram. 


JAMES  A.  DUTTON  has  16  years'  experience  with  Pratt  &  Whitney  Air¬ 
craft  on  development  of  gas  turbine  engines.  He  has  been  performing 
development  work  on  combustors  and  fuels  for  the  Phase  II-C  JTF17  program. 
Mr.  Dutton  has  worked  on  the  J42,  J48,  J57,  and  J58  engine  programs,  as 
well  as  development  in  the  area  of  advanced  combustion  concepts. 

LESLIE  0.  CHURCHILL  has  been  selected  to  develop  the  JTF17  fan  and 
compressor  because  of  his  13  years'  experience  with  Pratt  &  Whitney  Air¬ 
craft  in  gas  turbine  compressor  development.  He  was  responsible  for  much 
of  the  development  of  the  J58  compressor,  which  has  an  unusually  high 
specific  flow  and  operating  range.  Mr.  Churchill  has  since  been  assigned 
to  the  Phase  II-C  JTF17  fan  and  compressor  development. 

JOHN  H  DOWER  has  24  years'  design  and  development  experience  on 
controls,  servomechanisms,  and  gas  turbines.  He  has  been  responsible 
for  much  of  the  development  of  the  main  engine  fuel  controls,  exhaust 
nozzle  control,  and  main  fuel  pump  on  the  supersonic  J58  engine. 

FREDERICK  L.  ELSAESSER  has  23  years'  experience  in  control  systems 
and  control  details  development  including  control  work  on  the  J65  and 
JTNll  (nuclear  turbojet)  engines.  He  has  been  in  charge  of  developing 
several  of  the  J58  control  system  components  for  the  last  6  years. 

RICHARD  E.  GORDON  has  17  years'  experience  in  gas  turbine  control 
development  of  which  5  years  have  been  at  the  Florida  Research  and 
Development  Center  in  J38  control  development.  He  has  been  responsible 
for  the  Phase  II-C  JTF17  fuel  pump  and  ignition  system.  Mr.  Gordon  has 
previously  worked  for  a  control  vendor  developing  a  control  for  the 
production  J57  engine  and  also  was  responsible  for  control  dvelopment 
on  the  J34,  J36,  and  J40  engines. 
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REPORT  J 
RESOURCES 

SECTION  I 
INTRODUCTION 


This  report  will  review  how  the  SST  program  will  be  integrated  within 
Pratt  &  Whitney  Aircraft's  projected  research  and  development  efforts  and 
production  programs.  Tbr>  development,  prototype,  and  initial  overhaul 
work  will  be  accomplished  at  the  Florida  Research  and  Development  Center, 
while  the  engines  to  be  delivered  in  Phase  V  will  be  manufactured  at  the 
East  Hartford  plant.  The  discussion  will  deal  with  the  Division's  two 
primary  areas  of  activity.  Development  and  Production.  The  Florida  Research 
and  Development  Center  contains  a  completely  integrated  operation  for  the 
management,  design,  manufacturing,  procurement,  assembly,  quality  control, 
test,  and  related  activities  necessary  to  perform  the  development  and 
sustaining  engineering  effort  required.  These  Florida  facilities  repre¬ 
sent  an  investment  of  over  $90,000,000,  more  than  half  of  which  is 
company  owned.  A  hard  core  of  skilled  personnel  from  this  broad  field  of 
experience,  in  depth,  will  be  made  available  from  existing  programs  for 
the  JTF17  Engine  Development  Program.  It  will  be  shown  that,  in  terms  of 
manpower,  company  resources  and  commitments,  plant  capacity,  and  facilities, 
the  SST  program  lies  well  within  Pratt  &  Whitney  Aircraft's  capability  for 
the  period  through  1978. 


The  most  recent  business  projections,  used  as  a  basis  for  the  prepara¬ 
tion  of  this  report,  forecast  the  anticipated  engineering  and  development 
activity  for  the  Florida  Research  and  Development  Center  through  the 
Phase  III  time  period  (1970).  (See  figure  1.)  Production  business  projec¬ 
tions  are  represented  by  a  unit  delivery  schedule  (figure  2). 
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Figure  1.  PRDC  Forecast  of  Total  Expenses 
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SECTION  II 

DEVELOPMENT  (FLORIDA  RESEARCH  AND  DEVELOPMENT  CENTER) 


A.  MANPOWER  REQUIREMENTS  (TOTAL) 

The  Florida  Research  and  Development  Center  overall  manpower  require¬ 
ments  during  the  Phase  III  period  are  forecast  to  peak  in  the  year  1969 
with  a  slight  increase  over  the  1966  level,  as  shown  in  figure  3.  The 
additional  manpower  of  approximately  1600  people  estimated  to  be  needed 
in  this  period  is  significantly  less  than  that  added  in  the  period  from 
mid-1959  to  mid-1962,  when  the  total  FRDC  employment  was  increased  from 
2300  to  6100. 


Figure  3.  FRDC  Manpower  Requirements  FD  16519 

VJ 

B.  TECHNICAL  MANPOWER 

The  increase  in  technical  personnel  required  to  continue  the  SST 
engine  development  program  will  be  obtained  by  transfers  from  current 
programs,  which  will  be  decreasing,  as  well  as  by  adding  approximately 
220  new  technical  employees  by  1968.  The  graph  (figure  4)  illustrates 
the  growth  rate  of  technical  manpower  at  the  Florida  Research  and  Develop 
ment  Center  and  shews  the  projected  growth  to  1600  in  1969.  The  rate  of 
growth  required  in  technical  population  to  meet  this  figure  Is  less  than 
that  experienced  in  the  past  7"  years  (as  can  be  seen  in  figure  4). 
Technical  attrition  has  averaged  about  11  per  month  in  this  5-year  period, 
as  shown  <n  figure  5.  Our  recruiting  effort  for  technical  personnel  ex¬ 
tends  nationwide.  Current  acceptances  of  recent  college  graduates  number 
155,  and  acceptances  of  experienced  engineers  are  presently  running  at  a 
rate  of  120  per  year,  which  more  than  meets  forecast  requirements. 
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Figure  4.  FROC  Technical  Manpower 
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Figure  5.  FROC  Technical  Attrition  Rate 
C.  HOURLY  AMD  NONTECHNICAL  SALARY  MANPOWER 
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The  continuing  growth  of  the  Florida  industrial  community  promise*  to 
attract  more  and  mere  skilled  end  semiskilled  workers  to  this  area.  Fig¬ 
ures  6  and  7  indicate  the  historical  population  of  hourly  and  nontechnical 
salary  personnel ,  as  well  as  the  projected  requirements.  Increases  re¬ 
quired  x^r  skilled  Hourly  workers  in  the  experimental  shop  areaa  will  be 
attained  by  our  nontml  recruiting  activity  and  training  program*.  (Refer 
to  paragraph  D.)  A  net  increase  of  approximately  700  hourly  rated  employees 
over  the  attrition  rate  projected  in  figure  8  is  forecast  to  meet  peak 
requirements  in  1969. 
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Figure  8.  FROC  Hourly  and  Salary  Attrition  Rate  FD  16523 
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D.  EMPLOYEE  SKILL8?  TRAINING 

Training  programs  have  been  used  at  the  Florida  Research  anc  Develop¬ 
ment  Center  since  its  opening  in  1956  to  train  qualified  employees  and 
newly  hired  employees  to  the  skill  levels  demanded  for  producing,  inspecting 
assembling,  and  testing  needed  hardware  and  engines.  Presently,  nearly 
160  persons  are  enrolled  in  major  training  programs  involving  a  wide  range 
of  specialized  skills.  These  training  programs  are  presently  geared  to 
deliver  about  16  trained  employees  per  month  and  will  be  increased  to  about 
22  per  month  to  handle  the  expansion  for  the  SST  program.  The  following 
program  categories  are  typiccl  of  those  conducted  as  required: 

Experimental  Machining 
Experimental  Sheet  Metal 
Engine  Assemblers 
Test  Mechanics 
Tool  Room  Machining 
T„be  Bonding 
Tube  Assemblers 
Inspection 

Requirements  for  acceptance  and  entrance  into  the  programs  vary  slightly 
but  commonly  require  a  high  school  education  with  good  academic  records, 
plus  si'  months  or  more  of  trades  training  or  closely  related  experience. 

Ca  eful  screening  and  selective  hiring  minimize  attrition  losses  and  re¬ 
duce  unit  training  costs.  Screening  is  conducted  both  by  personnel  inter¬ 
view  rs  and  by  a  followup  consultation  with  training  personnel.  These 
, rog^ams  t  nerally  provide  9  months  or  move  of  intensive  training,  in- 
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eluding  at  least  3  months  of  on-job  training.  It  is  significant  to  note 
that  selective  screening  of  applicants  results  in  a  high  retention  rate 
of  company-trainee*  personnel.  For  example,  767.  of  Che  trainees  remain 
with  the  Florida  Research  and  Development  Center  after  the  first  year, 

66%  after  the  second  year,  and  60%  after  the  third  year. 

In  addition  to  the  programs  listed  above,  Pratt  &  Whitrey  Aircraft's 
Florida  Research  and  Development  Center  regularly  conducts  other  courses 
and  programs  to  improve  and  update  employee  skills.  For  example,  there 
are  a  number  of  programs  for  supervisory  and  administrative  personnel , 
cooperative  engineering  students,  and  new  engineers  and  technicians. 

Shop  and  test  workers  are  also  indoctrinated  in  such  specialized  fields 
as  fluid  lines  and  connections,  cryogenics,  leak  detection,  radiography, 
and  slide  rule  operation,  as  well  as  in  all  phases  of  general  skilled  work 
in  manufacturing,  inspection,  and  test. 

Figure  9  illustrates  the  history  of  hourly  training  activity  in 
Florida , 


2 


YEAR 

Figure  9.  Average  Florida  Hourly  Training  FD  16524 
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E.  PLANT  CAPACITY  AND  FACILITIES 

The  Florida  Research  and  Development  Center  currently  has  1,150,000 
square. feet  of  floor  space  allocated  to  experimental  manufacturing,  experi¬ 
mental  assembly,  test,  and  supporting  activities.  Of  this  total,  550,000 
square  feet  are  devoted  to  manufacturing  activities,  200,000  square  feet 
to  office  space,  and  400,000  square  feet  to  various  laboratories. 

1.  Manufacturing 

For  the  development,  prototype,  and  initial  overhaul  portions  of  the 
SST  program,  we  will  add  an  additional  96,000  square  feet  to  the  shop  and 
assembly  areas. 
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The  Experimental  Machine  Shop  has  a  wide  capability  in  the  normal 
machining  operations  of  vertical  and  horizontal  turning,  milling,  grinding, 
and  drilling.  The  turning  capabilities  are  up  to  96  inches  in  diameter 
and  120  inches  in  length.  Grinding  capability  extends  to  100  inches  in 
diameter,  and  the  largest  broach  has  a  stroke  of  180  inches.  Approximately 
32  new  machine  tools  will  provide  sufficient  increased  capacity  in  the 
machine  shop  area. 

Hie  Experimental  Sheet  Metal  Fabrication  and  Welding  Shops  are  fully- 
equipped  with  shearing,  forming,  welding,  heat  tr  ating,  plating  and 
brazing  equipment.  Seven  machine  tools  will  be  required  to  increase  the 
capacity  of  this  area  for  the  SST  program.  In  addition,  this  area  con¬ 
tains  a  pattern  shop  that  produces  full-scale  mockups  in  wood  and  reinforced 
fiberglass;  drop  hammer  and  forming  dies;  tube  manufacturing,  and  checking 
fixtures.  The  explosive  forming  facility  occupies  13,000  square  feet  with 
vacuum  pits  accommodating  up  to  109  inches  in  diameter. 

The  areas  devoted  to  support  of  manufacturing  include  a  completely 
equipped  tool  room,  cutter  grinding,  machine  repair,  and  equipment  and 
electrical  maintenance. 

The  air-conditioned  assembly  area  contains  all  of  the  necessary  sup¬ 
porting  equipment  such  as  cleaning  tanks,  flow  benches,  ovens,  balancing 
machines,  craneway,  and  hoists. 

Supporting  the  actual  shop  and  assembly  operations  is  a  Tool  Design 
and  Process  Planning  organization  experienced  in  the  use  of  the  materials, 
machines,  and  manufacturing  methods  needed  to  produce  all  types  of  modern 
jet  engine  parts. 

The  Quality  Assurance  area  is  equipped  to  handle  the  largest  of  SST 
parts  on  Rotabs  with  up  to  84  inches  in  diameter  faceplates  and  fluorescent 
penetrant  tanks  96  inches  square  and  up  to  84  inches  deep.  The  present 
area  of  27,500  square  feet  will  be  expanded  to  45,400  square  feet  in  order 
to  handle  the  SST  parts  and  assemblies. 

In  the  interest  of  avoiding  duplication,  additional  Florida  Research 
and  Development  Center  manufacturing  capabilities,  which  would  merit 
discussion  at  this  point,  are  more  fully  detailed  in  Report  B  (Facilities 
Program) . 

2.  Test  Laboratories 

Current  jet  engine  testing  facilities  comprise  9  full-scale  engine 
test  stands  and  43  basic  component  test  stands.  Four  additional  full-scale 
engine  test  stands,  and  component  test  stands  as  required,  will  be  added 
in  order  to  conduct  the  testing  of  the  JTF17  engine  and  components  at 
simulated  cruise  Mach  number  conditions. 

Detailed  descriptions,  as  well  as  the  comprehensive  pi  r  addi¬ 
tions  to  the  testing  capability,  are  covered  in  Report  B  ies 

Program)  . 
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3.  Other  Laboratories 

The  Material  Control  Laboratories  assure  that  all  incoming  product 
material  conforms  to  requirements  established  by  Engineering.  Materials 
testing  is  accomplished  in  an  area  containing  30  items  of  machine  shop 
equipment,  as  well  as  20  items  of  major  testing  equipment  and  17  items  of 
chemical  and  spectrographic  analysis  equipment.  X-ray  equipment  and 
associated  processors  and  viewers  account  for  an  additional  15  major  items 
devoted  to  assurance  of  product  material  quality. 

The  Material  Development  Laboratory  specializes  in  aerospace  materials, 
with  the  capability  of  performing  a  wide  variety  of  development  tasks  in 
the  fields  of  metallurgy,  applied  mechanics,  and  chemistry.  The  personnel 
in  this  laboratory  (over  200)  are  experienced  in  all  phases  of  materials 
development  associated  with  high-performance  jet  engines.  Included  are 
chemists,  metallurgists,  mechanical  engineers,  and  chemical  engineers  from 
the  PhD  level  to  the  experienced  technician.  These  people  are  functionally 
divided  into  categories  that  deal  with  alloy  development,  coating  develop¬ 
ment,  process  development,  metallography,  polymers,  propellants,  fuels, 
oils,  stress  analysis,  analytical  instrumentation ,  spectrographic  analysis, 
X-iay,  fatigue,  vibrations,  creep  rupture,  and  tensile  groups.  Equipment 
currently  in  use  includes  electron  microscopes  (2),  chromatograph,  X-ray 
diffraction,  infrared  spectrophotometer,  X-ray,  and  vacuum  heat-treat 
furnaces. 

Assistance  in  the  materials  evaluation  area  is  provided  by  an  additional 
228  chemists,  engineers,  metallurgists,  and  technicians  in  the  East  Hartford 
Materials  Development  Laboratory.  Basic  theoretical  and  practical  research 
is  conducted  at  the  Advanced  Materials  Research  and  Development  Laboratory 
by  a  select  group  of  scientists  (80%  of  the  senior  professional  personnel 
have  doctorate  degrees) .  This  laboratory  is  devoted  to  the  research  and 
development  of  high  temperature  alloys  and  coatings,  ultra-high-strength 
materials,  materials  for  energy  conversion  devices,  and  special  materials 
to  meet  the  demanding  requirements  of  advanced  turbine  powerplants  such 
as  the  JTF17. 

The  Andrew  Willgoos  Turbine  Laboratory  in  East  Hartford  will  be  used 
to  complement  Florida  facilities  in  providing  high-altitude  testing  of 
the  JTF17  with  refrigerated  air. 

The  Instrumentation  Laboratory  comprises  several  sections,  each 
responsible  for  the  development  and  application  of  various  nhases  of 
instrumentation  technology.  A  total  of  12,000  square  feet  of  space  is 
devoted  to  this  laboratory,  which  is  equipped  and  staffed  to  design, 
manufacture,  test,  and  calibrate  al.'  types  of  precision  instruments  used 
for  measurements  required  in  propulsion  system  testing.  An  additional 
3500  square  feet  are  used  for  data  acquisition  systems  maintenance  and 
strain  gage  development  and  application.  Technical  guidance  for  all 
instrumentation  activity  is  provided  by  an  instrument  engineering  group 
containing  ovei  150  engineers,  engineering  assistants,  and  computists. 

The  24  Project  Engineers  contained  in  this  group  average  over  12  years 
of  instrument  engineering  experience  at  Pratt  &  Whitney  Aircraft,  mostly 
devoted  to  high  Mach  number  turbojet  engine  development. 
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The  Florida  Research  and  Development  Center’s  Computing  Laboratory 
facilities  include  two  IBM  System  360's  (Model  50)  for  engineering  and 
scientific  calculations.  These  are  to  be  replaced  by  a  larger  Model  65 
in  late  1966.  In  addition,  an  IBM  1410  computer  is  used  for  producing 
business  reports,  and  another  on-line  IBM  1410  with  remote  feedback  is 
used  to  process  turbojet  test  data.  It  is  planned  to  increase  the  latter 
capability  in  mid-1967  with  an  IBM  System  360,  Model  40.  Smaller  com¬ 
puters  (IBM  1620's)  are  located  in  Engineering  for  smaller  scale  calcula¬ 
tions.  These  are  to  be  replaced  in  1967  by  three  IBM  1130's  to  improve 
capability  and  economy.  High  order,  complex  differential  equations  are 
solved  with  a  Beckman-Berkeley  "EASE"  2133  Repetitive  Analog  Computer. 
Automatic  plotting  from  magnetic  tape  is  accomplished  with  two  Benson- 
Lehner  plotters,  which  also  have  curve  line  drawing  capability. 

All  of  these  facilities,  and  additional  areas  forming  our  complete 
research  and  development  capability,  are  more  fully  described  in  Report  B 
(Facilities  Program).  In  summary,  the  existing  resources  at  the  Florida 
Research  and  Development  Center,  with  some  additional  space  and  equipment 
are  fully  capable  of  meeting  the  SST  Phase  III  requirements  for  development 
and  prototype  engines. 

In  the  area  of  total  resources,  noua  should  be  made  here  that,  in 
addition  to  the  resources  outlined  above,  Pratt  &  Whitney  Aircraft  has 
in  the  past  supplemented  the  Florida  capability  by  drawing  on  an  East 
Hartford  Engineering  Department  that  has  over  16,000  people  in  an  area 
devoted  to  research  and  development,  utilizing  fixed  assets  valued  at 
over  $200,000,000. 
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SECTION  III 

PRODUCTION  (EAST  HARTFORD) 


Pratt  &  Whitney  Aircraft’s  production  manpower  requirer,.ents  are  cur¬ 
rently  increasing  and  are  projected  to  peak  at  about  39,000  people  in  1969. 
Thereafter,  the  problem  will  be  to  continue  to  utilize  available  manpower 
and  facilities  more  fully.  The  continuous  program  of  modernization  and 
replacement  of  obsolescent  production  facilities  is  detailed  in  Report  G 
(Manufacturing  Program).  Current  and  projected  capacity  is  more  than 
adequate  to  accommodate  the  planned  production  of  the  JTF17. 

A.  MANPOWER 

1 .  Requirements 

Pratt  &  Whitney  Aircraft ' s  forecast  peak  production  requirement  of 
39,000  people  in  1969  represents  an  increase  of  7000  people  over  current 
production  manpower.  As  can  be  seen  from  our  hi' lory  to  date  (figure  10), 
we  have  experienced  an  increase  of  7000  people  in  the  past  2  years.  This 
means  attaining  a  corresponding  increase  in  the  next  3  years  in  the 
categories  of  nontechnical  and  nonprofessional  salary  and  hourly  rated 
personnel.  Thereafter,  the  impact  of  the  JTF17  engine  program  would  con¬ 
sist  of  essentially  maintaining  levels  equal  to,  or  slightly  below,  the 
196S  value. 


YEAR 

Figure  10.  East  Hartford  Total  Manpower  FD  16525 
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2.  Sources  and  Availability 

Information  concerning  the  labor  market  from  which  our  East  Hartford 
production  facilities  will  draw  the  required  nontechnical,  nonprofessional 
salary  and  hourly  employees  during  the  next  10  years  is  based  upon  data 
published  by  the  Connecticut  Labor  Department  and  the  United  States  Depart¬ 
ment  of  Labor,  Present  employment  records  indicate  that  70%  of  Pratt  & 
Whitney  Aircraft ' s  East  Hartford  employeej  reside  in  the  Greater  Hartford 
Area  (a  complex  of  24  towns  that  cover  an  area  slightly  greater  than 
Hartford  County)  and  24%  reside  in  the  rest  of  Connecticut.  (The  remaining 
6%  reside  out-of-state.)  The  main  source  of  manpower  for  the  future  should 
be  the  two  areas  within  Connecticut.  The  Connecticut  Labor  Department 
has  made  projections  of  population  and  work  force  for  both  areas,  as  shown 
in  figures  11  and  12.  The  population  from  1957  to  1965  grew  an  average  of 
2.3%  per  year  for  the  State  of  Connecticut  and  an  average  of  2.1%  per 
year  for  the  Greater  Hartford  Area,  Future  growth  for  Connecticut  is 
forecasted  to  be  1.8%  per  year  through  1975.  The  Greater  Hartford  Area 
population  growth  is  forecasted  to  average  1.7%  per  year  for  the  same 
time  period 

For  the  State  of  Connecticut,  the  work  force  participation  rate  (that 
percentage  of  the  population  that  works)  will  continue  to  decline  from  41% 
in  1964  to  37%  by  1975.  The  Greater  Hartford  Area  participation  rate  is 
forecasted  to  remain  constant  through  1975.  These  curves,  then,  indicate 
an  8%  rise  in  the  labor  force  from  1964  to  1975  for  Connecticut  and  a  20% 
rise  for  the  Greater  Hartford  Area.  This  mens  a  90,000  increase  for 
Connecticut,  which  includes  50,000  in  the  Greater  Hartford  Area, 


YEAR 

Figure  11.  Total  Connecticut  Population  and  FD  16526 

Total  Nonagricultural  and  Non-  VJ 

technical  Work  Force 
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YEAR 

Figure  12.  Greater  East  Hartford  Population  FD  16531 

and  Nonagr icultural  and  Non-  VJ 

technical  Work  Force 

An  important  additional  factor  affecting  the  availability  of  manpower 
in  the  Connecticut  Area  is  the  annual  number  of  new  entrants  into  the 
labor  market.  Figure  13  represents  data  provided  by  the  Connecticut 
Labor  Department  and  the  Connecticut  Education  Department. 


YEAR 

Figure  13.  Forecast  of  New  Labor  Market  Entrance  FD  16634 
(Excludes  Four  Year  College  Graduates)  VJ 


r 


VJ-13 


Pratt  &  Whitney  Aircraft 

PWA  f?  66*100 
Volume  V 


3.  Manpower  Training 

Approximately  30%  of  Pratt  &  Whitney  Aircraft's  new  hires  come  with 
i  year  or  more  of  related  prior  experience.  The  remaining  70%  have 
relatively  little  or  no  related  training.  Approximately  157.  are  hired 
directly  out  of  high  school.  Extensive  training  programs  have  been  estab¬ 
lished  to  train  qualified  employees  to  the  skill  levels  needed  for  both 
nontechnical  engineering  and  production  jobs.  More  than  100  specialized 
training  courses  have  been  conducted  by  Pratt  &  Whitney  Aircraft's 
training  organization.  Presently,  there  are  31  courses  in  progress  with 
an  enrollment  of  over  1615;  approximately  376  are  enrolled  in  the  four 
apprentice  training  programs.  The  follow  ng  nine  categories  of  courses 
are  conducted  as  required : 

Series  No.  Name 


100 

200 

300 

400 

500 

600 

700 

800 

900 


Administrative  Programs 
Working  Leader  Programs 
Apprentice  Programs 
Engineering  Programs 
Technical  Programs 
Machining  Programs 
Sheet  Metal  Programs 
Welding  Programs 
Inspection  Programs 


The  following  specific  apprentice  training  courses  are  currently 
being  conducted: 


Course  No. 

Course  Name 

Hours  in 
Course 

301 

Jet  Engine  Metal  smith  Apprentice 

6000 

302 

Machinist  Apprentice 

6000 

303 

Tool  and  Diemaker  Apprentice 

2000 

304 

Electronics  Technician  Apprentice 

60  uO 

The  Tool  and  Diemaker  Course  is  available  to  selected  graduates  o 
Machinist  Apprentice  Course. 

Advanced  training  courses  cover  such  skill  areas  is: 

i 

Course  No. 

Course  Name 

Wee  ks  in 
Course 

556 

Aircraft  Powerplant  Mechanic 

75 

619 

Production  Machining 

22 

623 

Semi-Production  Basic  Machining 

24 

625 

Experimental  Machining 

28 
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627 

Master  Pipe  Maker 

32 

628 

Tool ,  Die  or  Gage  Making 

116 

629 

Machine  Maintenance 

96 

637 

Master  Mechanic  Basic  Machining 

24 

704 

Experimental  Sheet  Metal 

37 

706 

Pipe  Making 

29 

Requirements  for  entrance  into  these  courses  run  as  high  as  4  years  of 
high  school  with  a  good  academic  record,  plus  2  years  of  diversified  air¬ 
craft  mechanic's  training  and  experience  —  or  equivalent  Pratt  &  Whitney 
Aircraft  experience  —  and  evidence  of  supervisory  potential.  These  are 
requirements  for  course  No,  556.  In  contrast,  requirements  for  course 
No.  619  are  two  years  of  high  school,  including  1  year  of  algebra  or 
geometry  plus  1  year  of  machine  shop  experience.  Generally,  the  trainee 
must  be  a  high  school  graduate  with  6  months  of  Pratt  &  Whitney  Aircraft 
experience.  The  6  months  previous  experience  is  required  for  two 
important  reasons.  First,  attrition  at  the  end  of  a  course  is  reduced 
considerably  if  the  employee  has  a  chance  to  first  become  familiar  with 
the  area  in  which  he  will  work  upon  graduation;  second,  this  allows  the 
Training  Department  to  obtain  full  classes,  which  reduces  training  costs 
per  man.  In  addition  to  the  courses  listed  above,  Pratt  &  Whitney  Aircraft 
utilizes  other  course  programs  to  improve  and  update  employee  skills. 

Fo  example,  there  are  11  courses  for  supervisory  training,  4  courses  for 
working  leaders,  and  36  courses  in  various  types  of  machining  and  machine 
operation. 

There  are  also  6  courses  in  sheet  metal  training  and  19  courses  in 
welding,  as  well  as  courses  of  a  specialized  and  advanced  nature.  A  few 
examples  of  these  are: 


Course  No. 

Course  Name 

Hours  in 

Course 

61 1 S 

Man-Au-Trol  Familiarization 

80 

614S 

Man-Au-Trol  Advanced 

120 

617S 

Specialized  Training 
(Lathes-Grinders) 

120 

630T 

Plastics  Tooling 

80 

634M,S 

Vertical  Turret  Lathe  Operators 

240 

815S 

Specialized  Brazing  Course 

40 

816S 

Welding  Processes  and  Controls  - 
Fusion  Welding 

80 

4.  Attrition 

Attrition  history  of  hourly  and  nontechnical  salary  personnel  is 
illustrated  in  figure  14.  Nontechnical  salary  attrition  has  remained 
constant  at  1.2%  for  the  past  five  years  and  is  forecast  to  remain  at 
that  level.  Attrition  of  hourly  employees  has  been  forecast  at  1.1%  per 
month.  The  overall  weighted  average  attrition  of  about  1.1%  per  month  is 
well  below  the  national  average  of  about  1.4%  (U.S.  Department  of  Labor). 
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B.  PRODUCTION  CAPACITY 

Capacity  requirements  for  production  manufacturing  are  discussed  in 
Report  G  (Manufacturing  Plan) .  Manufacturing  capacity  is  more  than 
adequate,  as  is  readily  seen  from  the  production  schedule  during  the 
period  of  SST  performance  (figure  2),  which  is  considerably  below  the 
preceding  years'  requirements. 

C .  FACILITIES  REQUIREMENTS 

The  SST  program  requirements  are  well  within  the  capability  of  the 
bulk  of  East  Hartford  production  facilities.  No  major  office  space  addi¬ 
tions  are  required  for  SST,  as  the  time  phasing  for  this  progrcm  is  below 
the  earlier  peak  occupancy  years. 

Additional  details  and  descriptions  of  Pratt  &  Whitney  Aircraft  faciliti 
available  for  the  SST  program  may  be  found  in  Report  B  (Facilities  Program). 
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SECTION  I 
SUMMARY 


Pratt  &  Whitney  Aircraft's  ability  to  develop  and  to  support  in  com¬ 
mercial  operation  the  powerplant  for  the  U.S.  Supersonic  Transport  is 
demonstrated  by  the  company's  development  of  advanced  designs  that  make 
possible  daily  supersonic  cruise  operation  with  the  JS8  engine,  and  bv 
the  record  of  the  company  in  supplying  aircraft  powerplants  for  airline 
service  for  more  than  39  years.  Pratt  &  Whitney  Aircraft's  competence 
to  provide  a  safe  and  economical  SST  powerplant  program  is  indicated  by 
the  following. 

A.  COMMERCIAL  EXPERIENCE 

The  company's  total  expedience  includes  over  239,000,000  hours  of 
powerplant  operation  in  commercial  service,  39,000,000  of  which  is  turbine 
engine  experience.  The  fact  that  6000  Pratt  &  Whitney  Aircraft  turbine 
engines  have  been  delivereo  for  commercial  service  and  the  reliability 
record  of  these  engines  attests  to  Pratt  &  Whitney  Aircraft 's  reduction 
to  pr  ;tice  of  those  elements  that  make  a  safe, econo-uc  airline  transport 
powerplant.  The  world-wide  commercial  product  support  organization  covering 
over  200  airlines  in  countries  provides  Pratt  &  Whitney  Aircraft  with 
the  vital  commercial  customer-manufacturer  link  necessary  for  the  develop¬ 
ment  of  a  powerplant  responsive  to  the  customer's  needs. 

B.  SUPERSONIC  CRUISE  EXPERIENCE 

This  experience  includes  over  1,000,000  miles  of  J58  engine  operation 
at  or  above  the  continuous  supersonic  cruise  speeds  and  altitudes  required 
for  the  SST  in  the  USAF  YF-12  and  SR-71  airplanes.  This  flight  experi¬ 
ence,  combined  with  the  9  years  and  22,805  hours  of  ground  and  altitude 
test  stand  development  work  at  Pratt  &  Whitney  Aircraft's  Florida  Research 
and  Development  Center  provide  powerplant  know-how  in  the  environment  in 
which  the  SST  must  successfully  and  economically  live  for  the  balance  of 
its  life. 

C.  MILITARY  GAS  TURBINE  EXPERIENCE 

Military  gas  t<  rbine  experience  in  development,  production,  and  flight 
accumulated  over  the  past  20  years  in  supplying  ever  35,000  turbine  engines 
for  leading  USAF  and  Navy  military  aircraft.  Supersonic  dauh  flig,  -  ex¬ 
perience  on  the  Pratt  &  Whitney  Aircraft  J57  powered  F-10O  fighter  com¬ 
menced  13  years  ago.  Since  that  time,  supersonic  dash  flights  with  various 
J57  and  J75  powered  airplanes  ha /e  become  commonplace,  and  the  flight 
spectrum  for  dash  operation  is  now  being  extended  by  the  TF30  engine  in 
the  F-ill  and  Mirage  3F  aircraft.  On  these  military  programs,  representing 
10,000,000  flight  hours,  205,000  engine  flight  hours  have  been  accufxvlated 
at  speeds  c*  Mach  1  and  above. 
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D.  AIRCRAFT  POWERPLANT  RESOURCES 

Facilities  available  to  Pratt  &  Whitney  Aircraft  for  Development, 
production,  and  support  of  aircraft  powerplants  represent  a  facility 
investment  of  $400,000,000,  primarily  company  owned.  Total  employment 
of  Pratt  &  Whitney  Aircraft  on  31  December  1965  was  47*960.  Pratt  & 

Whitney  Aircraft's  current  engineering  programs  currently  represent  an 
annual  expenditure  of  approximately  $280, 000, OoC,  employ  over  4,000 
technical  personnel,  utilize  $128,000,000  in  engineering  development 
facilities,  and  require  3,680.000  square  feet  uf  engineering  floor  space. 

In  producing  the  J58  operational  supersonic  cruise  engine,  Pratt  & 
Whitney  Aircraft  has  employed  high  Mach  No.  (Mach  3  plus)  development 
and  testing  facilities  at  the  Florida  Research  and  Development  Center 
and  at  East  Hartford,  Connecticut  -  which  represents  an  investment  in 
excess  of  $100,000,000.  These  facilities,  plus  a  seasoned  team  of  J58 
design,  development,  test  and  product  support  personnel  numbering  in 
excess  of  2800  people  are  available  for  direct  application  to  the  SST 
powerplant  program.  Further  details  on  these  facility  and  manpower 
resources  will  be  found  in  Volume  V,  Report  J  (Resources). 

E.  RECORD  IN  MEETING  COMMITMENTS 

On  the  JT3C.  JT3D,  JT4  and  JT8D  commercial  engines,  Pratt  &  Whitney 
Aircraft  has  demonstrated  its  ability  to  deliver  commercial  engines  which 
were  on  schedule,  at  or  below  specification  weight,  and  which  meet  or 
bettered  specification  thrust  and  specification  fuel  consumption.  Examples 
of  Pratt  &  Whitney  Aircraft's  performance  in  meeting  or  bettering  engine 
weight  and  TSFC  commitments  on  its  commercial  engines  is  provided  in 
figure  1.  On  Government  R  &  D  programs  covering  the  J57,  J75,  J52,  TF33, 
TF30  engines,  the  RL10  rocket  engine,  and  or.  advanced  airbreathing  engine 
study  arid  component  programs,  Pratt  f*  Whitney  Aircraft  has  demonstrated 
its  ability  to  advance  the  state-of-the-art  and  to  fulfill  contract 
commitments . 


F.  FINANCIAL  CAPABILITY 

Assurance  of  financial  capability  of  United  Aircraft  Corporation 
(parent  corporation  of  the  Pratt  &  Whitney  Aircraft  Division)  to  meet 
the  requirements  of  the  4-year  Phase  III  SST  powerplant  program  is  provided 
by  a  review  of  its  record  of  gross  sales  and  before  income  tax  earnings 
for  the  past  four  years  (1962,  1963,  1964,  and  1965). 

Four  Year  Total  Gross  Sales  $5,107,200,000 

Four  Year  Total  Earnings  Before  219,230,000 

Income  Tax 

United  Aircraft  h«3  financed  without  contractual  support,  research 
and  development  programs  that  have  cost  in  excess  of  $225,000,000  over 
the  past  8*-year  period. 
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SEA  LEVEL  TAKEOFF  RATING 


JT3C  JT3D  JT4A  JT8D 

ENGINE  MODEL 


figure  1.  Comparison  of  Actual  Production  Engine  FD  17832 
Weight  and  Performance  To  When  Ordered 
Specification  Values  -  P&WA  Commercial 
l\irbine  Engine 
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SECTION  II 

SUPPORTING  DOCUMENTATION 


A.  COMMERCIAL  EXPERIENCE 


1.  General 


In  the  39-year  period  that  Pratt  &  Whitney  Aircraft  has  served  as  a 
supplier  of  66%  of  all  the  world's  air  transport  powerplants,  it  has 
delivered  over  21,000  reciprocating  and  turbine  engines  (figures  2  and  3) 
to  a  total  of  239  airline  operators.  Since  1958,  6000  commerc tal  turbine 
engine*  have  been  delivered  and  39,000,000  flight  hours  have  been  accumu¬ 
lated  on  Pratt  &  Whitney  Aircraft  commercial  turbine  powerplants.  Photo¬ 
graphs  of  some  of  the  commercial  aircraft  powered  by  Pratt  &  Whitney 
Aircraft  turbine  engines  are  shown  in  figure  4. 
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Figure  2.  Pd-WA  Commercial  Turbine  Engine 
Deliveries  and  Flight  Time 
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Figure  3.  Estimated  Total  P&MA  Commercial  Engine  FD  17540 
Deliveries  and  Flight  Time  K 
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Figure  4.  P&WA  Powered  Commercial  Aircraft 
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2.  Description  -  Commercial  Engine  and  Applications 

The  JT3  commercial  turbojet  was  first  delivered  in  1958  and  draws 
heavily  on  its  J5  military  counterpart.  It  is  an  axial  flow,  two  spool, 
high  pressure  ratio  turbojet  with  can-annular  combustion  chambers  and  a 
nine-stage  low  and  seven-stage  high  compressor  driven  by  a  single-stage 
high  and  two-stage  low  turbine  developing  up  to  13,500  pounds  of  thrust 
when  augmented  with  water  injection.  This  engine  was  used  in  the  first 
United  States  commercial  jet  aircraft.  Various  JT3  commercial  applications 
and  operating  hours  are  listed  below. 


Aircraft  Models 

Operating  Hours 

Number  of  Engines 

Boeing  707-120 

3,166,660 

409 

Boeing  72C 

3 ,501,o,  5 

341 

Douglas  DC8-10 

1,450,265 

147 

Total 

8,118,800 

897 

The  JT4  engine,  the  commercial  equivalent  of  the  military  J75  engine  is 
an  axial  flow,  twin-spool  turbojet  with  eight  can-annular  combustion  chambers 
it  develops  up  to  17,500  pounds  of  thrust  and  was  first  delivered  in  1959. 

An  eight-stage  low  compressor  and  a  seven-stage  high  compressor  are  driven 
by  two  and  one  turbine  stages  respectively.  Various  JT4  commercial  appli¬ 
cations  and  operating  hours  a’-e  listed  below. 

Aircraft  Models 

Operating  Hours 

Number  of  Engines 

Boeing  707-220,-320 

5,701,277 

431 

Douglas  DC8-20,  -30 

7,102,219 

574 

Total 

12,803,496 

1005 

The  JT3D,  first  delivered  in  i960,  is  a  turbofan  engine  developed  from 
the  JT3  engine.  It  is  the  commercial  equivalent  of  the  military  TF33 
engine  and  delivers  up  to  19,000  pounds  of  thrust  in  the  latest  version  to 
be  available  in  1967.  Fifty  percent  increase  in  takeoff  thrust,  15%  decrease 
Jn  cruise  TSFC,  and  significant  reductions  in  engine  takeoff  noise  were 
provided  by  this  engine  which  have  led  to  its  wide  acceptance  for  comnu  rcial 
usage,  with  many  jet  aircraft  being  retroli  ted  to  accept  this  turbofan. 
Various  JT3D  cr  marcial  applications  and  operating  hours  are  listed  below. 

Aircraft  Models 

Operating  Hours 

Number  of  Engines 

Boeing  707-120B, 
-320B  and  -3’0u 

6,661,357 

1036 

Boeing  7 2 0B 

4,345,075 

420 

Douglas  DC8 

3,979,826 

767 

Total 

14,986,258 

2223 
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The  JT8D  is  an  axia^  flow,  twin-spool,  turbofan  ..  :gine  with  nine  can- 
annular  comoustion  chambers,  a  four-stage  reaction  turbine,  and  a  thirteen- 
stage  compressor,  this  engine  develops  up  to  14,500  pounds  of  thrust  for 
takeoff  in  the  latest  version  to  be  available  vn  1967.  This  engine  was 
developed  by  Pratt  &  Whitney  Aircraft  as  a  commercial  venture.  It  was  first 
delivered  in  1963.  The  first  two  stages  of  the  six-stage  low  compressor 
are  the  fan  stages;  the  bypass  air  from  these  stages  is  ducted  around  the 
basic  engine  and  mixed  with  turbine  exhaust  in  a  common  nozzle.  Various 
JT8D  commercial  applications  and  operating  hours  are  listed  below. 


Aircraft  Models 


Operating  Hours  Number  of  Engines 


Boeing  727 
Boeing  737 
Douglas  DC9 

Sud  Caravelle  108,  10R 


2,558,648  1154 

Not  in  service  until  late  1966 


47,634 

170 

58,732 

51 

Total  2,665,014  1375 

The  JT12  engine  is  an  axial-flow,  single  spool  turbojet  with  eight 
combustion  chambers,  a  two-stage  reaction  turbine,  and  a  nine-stage 
compressor.  Thrs  engine,  which  develops  up  to  3,300  pounds  of  thrust 
in  the  latest  version  to  be  available  this  year,  was  also  developed  by 
Pratt  6t  Whitney  Aircraft  as  a  commercial  venture  and  was  first  delivered 
in  1960.  JT12  commercial  applications  and  operating  hours  are  listed  below. 


Aircraft  Models 

Operating  Hours 

Numbei  Engines 

Lockheed  Jetstar 

214, Obj 

356 

North  American  Sabreliner 

66,427 

160 

Total 

280,430 

516 

The  JT9D  is  a  turbofan  engine  which  is  being  developed  under  company 
funding  for  use  in  the  Boeing  747  aircraft.  It  is  planned  for  production 
in  1969.  This  is  a  high  bypass  ratio  (5:1)  twin-spool  engine  with  a 
single-stage  fan  and  a  three-stage  low  compressor  driven  by  a  four -stage 
turbine,  and  an  eleven-stage  high  compressor  driven  by  a  iwn-stage  turbine 
The  engine  will  provide  41,000  pounds  takeoff  thrust  with  a  TSFC  of  0.337 
at  sea  level  static  conditions. 


3.  Commercial  Turbine  Engine  Record 
a.  Maintenance  Material  and  Labor  Cost 

Evidence  of  the  favorably  low  labor  and  material  costs  being  experienced 
during  airline  operation  oi  Pratt  &  Whitney  Aircraft  turbine  engines  is 
provided  by  examination  of  figure  5.  This  figure  shows  chat  for  aircraft 
powered  by  turbojet  engines  (11,200  to  17,500  lb  T.O.  thrust  category),  the 
average  powerpiant  maintenance  labor  and  material  costs  on  a  dollars  per 
1000  T.O.  lb  thrust  basis  for  the  CV 880  powered  bv  General  Electric  engines 
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are  over  twice  similar  costs  for  B707,  720,  and  DCS  aircraft  powered  by 
Pratt  &  Whitney  Aircraft  engines.  Average  powerplant  maintenance  costs 
on  the  SC210  Caravelle  powered  by  Rolls  Royre  engines  are  almost  twice  the 
costs  for  B707  ,  720,  and  DCS  aircraft  powered  by  Pratt  &  Whitney  Aircraft 
turbine  engines. 


Figure  5.  Total  Engine  Labor  and  Material  FP  16464 

Maintenance  Cost  -  CAB  Form  41  Data  K 

for  1961  Through  1965 

For  aircraft  powered  by  turbofan  engines  (14,000  to  18,000  lb  T.O. 
thrust  category),  the  average  powerplant  maintenance  labor  and  material 
costs  on  a  dollars  per  1000  lb  of  T.O.  thrust  basis  for  the  CV990  powered 
by  General  Electric  engines  are  almost  rwiri'  similar  costs  on  B707,  720, 


7  5?  nc8 

PC9  nirwiafe  powered  by  Pratt  &  Whitney 

Aircraft  engines. 

Figure  5 

is  derived 

from  the  following  tabulation: 

Installation  Engine  Time 
(Hours) 

CAB  Form  41 
Total  Power- 
Plant  Maine. 
Labor  and 
Material  Cost 
§(000) 

Engine  Thrust 
S.  L.  static 

I.  0,  (lb) 

Thrust -Hour 
Opera t ing 
Facior 
(Thrust  r 
Hours ) 
(j0Q,OOO) 

Powerplant 
Mair.t,  Cost 

($/•’*- /iooo 

lb  Fn) 

8707 .  „„ 

DC8  (JUC“6) 

3 , 0?  3 , 6 1 5 

62,310 

13,500 

41,494 

— 

5720  (JT3C-7 ) 

2,021,776 

37,210 

12,000 

24,261 

— 

B?20(JT3C-12) 

388,748 

7  ,958 

13,000 

5,054 

B7  07  , . 
DCS 

6,849,456 

113,649 

17.500 

119,865 

— 

All  ftWA 
Turbojets 

. 

223,127 

190,674 

~f~TF  ■ 
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Installat ion 

Engine  Time 
(Hours ) 

CAB  Form  4i 
Total  Power- 
Plant  Maint. 
Labor  and 
Material  Cost 
$(000) 

Engine  Thrust 
t> .  L.  Static 

T.  0.  (lb) 

Th  rus  t  -Hour 
Opera t  ing 

Fa  c  t  o  r 
(Thrust  x 
Hours ) 
(000.000) 

Powe  r  p  1  a  r.  t 
Maint.  Cos 
($/Hr / 1000 
!  b  bn) 

General 
Electric 
Turbojet  In 
CV880 

2,286,204 

64,271 

11,200 

25,603.5 

2 . 3  i 

Rolls  Royce  352,896 

Turbojet  In 

SE210  (Caravelle) 

10,412 

12,725 

4 ,490. b 

2.3  2 

B707  ) 

B720)  JI3D 

DC  9  ) 

8,297,528 

152,738 

18,000 

149 , 356 

— 

Dcf  J™D 

1,275,006 

22,338 

14,000 

17 ,8a0 

— 

All  P&WA 

— 

_ 

Turbofans 

175,076 

167 ,206 

1 . 05 

General 
Electric 
Turbo  fan  n 
CV990 

631,896 

21.270 

16,100 

10,173.5 

2. 09 

The  above  tabulation  is  based  on  CAB  Fc.m  41  submittals*  of  all  United 
States  airline  operators  for  the  5-year  period,  1961  through  1965.  It. 
presents  total  powerplant  QEC  (Quick  Engine  Change)  material  and  labor 
costs  reported  on  all  aircraft  powered  by  Pratt  &  Whitney  Aircrait  turbine 
engines,  a«  well  as  similar  costs  reported  on  aircraft  powered  by  several, 
competitive  engines.  Although  these  submittals  include  labor  and  material 
costs  tor  other  powerp'snt  QEC  items  not  provided  by  the  engine  manufacturer 
as  well  as  for  engines,  the  engine  represents  bv  far  the  major  port  ion  ... 
total  ...ported  QEC  costs. 

b.  Time  Between  Overhaul 

Tire  JT3D  provides  an  example  of  the  durability  of  P&WA  turbine  engines. 
This  engine  has  an  allowable  TBO  (titae  between  overhaul)  of  8000  hours, 
which  is  the  highest  FAA  authorize,  cusaaerc ial  eng  in*  TBO  period  in  use 
today  Based  on  a  9-hour-per* da y  ut ilieat re...  engine  overhaul  is  required 
only  once  every  2-1/2  years  with  an  8000-hour  engine  TBO. 


♦The  pert  in  it  account  numbers  ar~  as  follows: 

1.  Labor  -  Aircraft  Engines  Account  5225.2 

2.  Aircraft  Engine  Repair  -  Outside  Account  5213.2 

3.  Material*  -  Aircraft  Engine*  Account  524o.  ' 
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As  shown  in  figure  6,  P&WA  engines  have  cons  is  cent ly  shown  at  impressive 
rate  of  increase  in  TBO  with  tine  in  airline  service.  In  addition,  each 
succeeding  engine  model  (JT3C,  JT4,  JT3D,  and  JT8D)  has  exhibited  a  more 
rapid  rate  of  TBO  increase  with  time  than  its  predecessor. 

A  8000 - - - - - ij - - 1 - 

oo  7200  - 4 - - 

<  6400  - - - l—jb—a - 

*  jr  lr  jt<a  r 

i  5600  — 1 — — w  \fcf- 

° 4800  r  — . 

W  4000  - - i - - - 

w  JT8D-1  rf  s  L r  JT3C-6 

S  3200  - - 1 - - 1- - 

O  2400  - - - - - ^ - - 


0  1  2  3  4  5  6  1 

YEARS  FROM  START  OF  OPERATION 

Figure  6.  Time  Between  Overhaul  Growth  FD 

c.  Engine  Premature  Removal  Rate 


FD  17081 
K 


In  addition  to  reliability  considerations,  the  cost  of  removing  and 
repairing  or  overhauling  a  powerplant  previous  to  scheduled  periods  is  a 
significant  element  of  profit  or  loss  to  an  airline  operator.  From  this 
standpoint,  the  engine  premature  removal  record  is  an  important  economic 
criterion  to  the  air  transport  operator.  Yearly  engine  premature  removal 
rates  on  P&WA  turbine  engines  in  commercial  service  since  1960  are  shown 
in  figure  7  and  average  3460  hours  per  premature  engine  removal.  The 

f  9j - 

«  I  8 - - 

gg  7^-r-n _ 

<^6__ - a - 

- - 2 - 8— ~ 


I960  1961  1962  1963  19< 

YEAR 

Figure  7.  Engine  Prenature  Removal  Record  - 
P&WA  Service  Department  Statistics 
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JT3D  has  a  current  rate  of  5250  hours  between  premature  removals,  which 
means  on  a  four-engine  transport  operating  10  hours  per  Jay  that  only 
three  engines  per  year  would  be  removed  prior  to  schedule. 

d.  Engine  In-Flight  Sir  tdown  ate 

A  measure  of  powerp'  nt  dependability  is  provided  by  an  examination 
of  in-flight  engine  shutdown  record.  From  a  safety  and  reliability  view¬ 
point,  this  is  the  most  important  FAA  and  airline  criterion.  In  airline 
service  since  1960,  P&WA’s  engines  have  demonstrated  an  average  in-flight 
shutdown  rate  for  all  turbine  engines  of  14,400  hours  between  shutdown. 
Figure  8  shows  the  average  yearly  in-flight  shutdown  rates  being  experi¬ 
enced  on  all  P&WA  engines  in  airline  service  for  <-he  past  6  years. 


In-Flight  Shutdown  Record,  Engine  Causes,  ail  Domestic  Carriers 


YEAR 

Figure  8.  Durability  of  PWA  Engines  FD  16473 

K 

The  JT4  P&WA  engine  has  a  currant  in-flight  shutdown  rate  of  28,700 
hours  per  shutdown.  This  means  that  on  the  average,  a  four-engine  airplane 
operated  10  hours  per  day  could  expect  only  one  in-flight  shutdown  every 
2  years  chargeable  to  the  powerplant. 

Using  published  inforraati  .  shown  in  FAA  document  (FIS-FS-820-4)  the 
experience  of  aircraft  using  P&WA  turbinfi  engines  and  similar  data  on 
aircraft  using  competiti  ,  turbine  powerplants  is  illustrated  in  figure  9. 
Since  airframe  equipment  items  other  than  those  supplied  by  the  engine 
manufacturer  contribute  to  the  FAA  "in-flight  shutdown"  rate,  this  criterion 
not  only  provides  a  measure  of  the  engine  manufacturer's  ability  to  supply 
a  safe,  reliable  powerplant,  but  also  indicates  his  ability  to  work  with 
the  prime  aircraft  manufacturer  in  the  design  and  delivery  of  a  powerplant 
installation  which  provides  safe  and  reliable  service  to  the  airline  operator. 
From  figure  9  it  can  be  seen  that  aircraft  using  P&WA  powerplants  have 
experienced  significantly  better  time  between  in-flight  powerplant  shutdowns 
than  aircraft  using  competitive  turbine  powerplants. 
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Figure  9.  Dependability 
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4.  Private  Risk-Taking  for  Commercial  Engine  Development 

The  willingness  of  United  Aircraft  (parent  corporation  of  P&WA  Division) 
to  provide  private  credit  and  private  risk-taking  capital  for  commercial 
engine  ventures  has  been  demonstrated  on  the  JT3,  JT3D,  JT4,  JT8,  and 
JT12  programs.  The  $75,OOC  00  Company  R  &  D  funding  which  has  been 

provided  to  a  purely  commer  al  engine,  the  JT8D,  is  a  pertinent  example 
of  our  commitment  to  the  commercial  transport  market  as  a  valuable  segment 
of  our  principal  business  and  an  important  part  of  our  future.  The  sale 
of  over  3400  of  this  type  engine  in  the  Boeing  727,  737,  DC9,  and  Caravelle 
attests  to  P&WA’s  understanding  of  the  air  transport  industry’s  requirement 
for  a  high  performance,  economical  commercial  powerplant. 

United  Aircraft  has  recently  embarked  on  a  company-funded  development 
program  for  the  JT9D  turbofan  for  the  subsonic  "jumbo  jet"  which  will  not 
carry  passenger8  until  1969.  This  provides  an  example  of  our  continued 
willingness  to  risk  company  funds  on  engines  designed  to  meet  commercial 
transport  requirements. 

5.  Development  for  Growth  in  Commercial  Engines 

The  fact  that  successful  transport  engines  must  grow  and  offer  improve¬ 
ments  to  be  responsive  to  airline  operators'  changing  requirements  is 
another  commercial  lesson  which  the  .record  shows  has  been  put  to  use  by 
Pratt  &  Whitney  Aircraft  on  its  JT3C,  JT3D  and  JT8D  commercial  engines. 

Examples  of  the  application  of  this  lesson  are  provided  by  the  JT3C-7 
and  JT3C-12  which  were  develi ped  and  offered  to  the  commercial  transport 
Industry  by  Pratt  &  Whitney  Aircraft  as  growth  versions  of  the  original 
JT3C-6.  The  C-7  provided  7%  growth  and  the  C-12  a  167*  growth  in  engine 
dry  T.0.  thrust  from  the  C-6.  The  weight  of  the  C-7  engine  was  decreased 
18.5%  and  the  weight  of  the  C-12  was  decreased  16.5%  below  the  original 
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JT3C-6  weight.  A  similar  growth  and  weight  reduction  program  was  offered 
by  Pratt  &  Whitney  Aircraft  on  the  commercial  JT4,  Between  the  original 
JT4A-3  and  the  JT4-11,  takeoff  thrust  was  increased  177>  and  engine  weight 
was  decreased  2.5%. 


6.  Product  Support 

The  original  group,  which  was  initially  formed  to  "service1'  Pratt  & 
Whitney  Aircraft  engines  has  over  the  past  39  years  grown  to  more  than 
1400  people,  including  some  of  the  initial  group  that  are  still  with  the 
company,  the  current  organisation  consists  of  world-wide  field  support  in 
areas  of  installation,  operation,  performance,  maintenance,  overhaul, 
spares  support,  tools  and  facilities.  These  specialists  are  backed  by 
other-  in-house  specialists,  many  of  whom  have  served  in  the  field  them¬ 
selves.  This  direct  customer  contact  surrounds  the  manufacturer /operator 
with  support  for  every  phase  of  his  operation  /see  figure  10)  and  permits 
the  closest  liaison  possible. 

wOVj’SS  FIELD  Sfr*,b 
**  941  MEN 

- riTglu—'-^.. 

Operations 

Engineering 

X  »• ^  c,  .  17  Mer.  \ 

/Field  Service  \ 

Representatives  Dayton  Office  \ 

317  Men  3  Men  \ 


VllDE 


Vv  jshington 
Office 
6  Men 


Commercial 

Sales 

Engineering 
9  Men  I 


Government  1 

Requirements 
Engineering  , 

34  Men 

Spore  Parts 

v  Representatives 

_ _  7  Men 


Field 

Engineering 
56  Km 


Figure  10.  Pratt  &  Whitney  Aircraft  Product 
Support 
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The  world-wide  dispersement  of  the  317  P&WA  Field  Service  Representa¬ 
tives  in  22  countries  is  shown  in  figure  11.  The  location  of  the  Field 
Service  Representatives  in  this  country  is  aioo  shown  in  figuiv  12. 
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Pratt  &  Whitney  Aircraft's  record  in  comme  ial  airline  service  depends 
on  the  concept  that  the  experience  and  capability  of  the  entire  company 
must  h°  available  to  the  customer  whenever  assistance  is  required,  and 
that  the  company  must  have  firsthand  knowledge  of  the  customer's  problems 
requiring  corrective  action  by  Pratt  &  Whitney  Aircraft.  Recognition 
of  this  concept  by  the  company's  management  has  assured  the  evolution  of 
a  capable  and  large  field  organization.  This  organization  has  developed 
not  only  a  sensitiveness  and  responsiveness  to  field  problems,  but  also  a 
fast  working  communication  system.  At  first  instance,  field  problems 
are  channeled  directly  to  the  Program  Manager  end  tiio  Project.  Engineer 
responsible  for  the  solution  in  order  that  fixes  can  he  initiated  and 
incorporated  in  test  engines  for  evaluation  without  lay.  In  addition, 
the  Pratt  &  Whitney  Aircraft  system  assures  top  management  awareness  of 
these  problems.  It  is  not  a  request  but  a  requirement  that  the  Vice 
President,  Product  Support,  the  Vice  President,  Engineering,  the  Vice 
President,  Sales,  and  the  Divisional  President,  the  Service  Manager,  the 
Spare  Parts  Sales  Manager,  and  the  Manager,  Overhaul  and  Repair,  be  provided 
reports  on  customer  problems. 


A  detailed  and  documented  discussion  of  the  P&WA  field  organization 
is  presented  in  Volume  IV,  Report  F,  Section  VI  (Product  Support).  However, 
it  should  be  noted  here  that  his  organization  will  not  be  disbanded  nor 
be  diminished  in  size  before  Lhe  SST  enters  airline  service.  It  is  con¬ 
servatively  estimated  that  between  now  and  the  mid-1970's  the  airlines 
of  the  world  will  have  flown  more  than  three  times  the  currently  existing 
hours.  The  P&WA  world-wide  field  organization  is  being  expanded  to  provide 
product  support  not  only  to  those  carriers  who  are  adding  to  their  inventory, 
but  equally  important,  to  provide  support  for  those  airlines  which  have  not 
previously  operated  turbine  equipment.  By  the  end  of  1966,  Pratt  &  Whitney 
Aircraft  will  be  providing  support  to  22  world-wide  commercial  operators 
who  have  not  previously  had  jets;  in  1967  support  will  be  provided  to  18 
new  jet  operators;  and  in  1968,  15  new  operators,  it  is  significant  to 
note  that  P&WA  will  have  in  place  and  functioning,  before  the  SST  becomes 
operational,  an  organization  that  will  be  accumulating  more  commercial 
airline  experience  than  there  exists  in  the  world  today. 

B.  SUPERSONIC  CRUISE  EXPERIEIT 

Over  2-1/2  years  ago  the  President  an  ounced  the  existence  of  the  J58 
powered  YF-12/SR-71  aircraft  and  described  them  as  the  world's  fastest 
operational  aircraft.  (See  figure  13.)  The  total  of  engine  flight 
experience  gained  by  the  Pratt  &  Whitney  Aircraft  Florida  Research  and 
Development  Center  in  the  SR-71/YF  12  programs  to  date  represents  over 
1, COO, 000  miles  of  engine  operation  at  Mach  2.7  (SST  cruise  speed)  and 
above.  The  J58  engine  used  in  these  installations  (figure  14)  is  an 
afterburning  turbojet  engine  of  the  30,000-pound  thrust  class.  The 
current  production  engine  is  qualified  for  continuous  operation  above 
Mach  3.0,  for  continuous  turbine  inlet  temperature  above  2000°F,  and  for 
continuous  operation  of  the  variable  augmentation  afterburner.  Hie  J58 
is  the  highest  thrust  engine  now  in  production. 
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Lockheed  YF-12A 


Lockheed  SH-71 


Figure  13.  Pratt  &  Whitney  Aircraft  J58 
Powered  Aircraft 


FD  16564 
K 


Figure  i4 .  Pratt  fie  Whitney  Aircraft  J58  Engine  FE  42662 

K 

Aircraft  operation  at  sustained  supersonic  cruise  speed  introduces 
the  following  three  important  powerplant  design  and  development  considera¬ 
tions  that  are  of  relatively  little  significance  in  subsonic  or  supersonic 
dash  aircraft: 

1.  Engine  operation  and  mechanical  durability  in  a  hostile 
powerplant  temperature  environment  (See  figure  15.) 

2.  Operation  of  the  powerplant  with  a  complex  pressure  pattern 
at  the  engine  inlet  face  resulting  from  operation  behind  a 
high  performance  variable  geometry  supersonic  inlet.  (See 
figure  16  for  pressure  patterns  with  which  the  J58  engine 
has  been  tested  successfully.) 

3.  Efficient  operation  of  the  engine  variable  exhaust  nozzle 

and  ejector  system  over  a  wide  range  of  airspeeds  and  altitudes. 
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Figure  17  shows  Vice-President  Humphrey's  let"?r  to  W.  L.  Gorton,  plus 
a  signed  picture.  The  Colonel  Stephens  Plaque,  which  was  awarded  to 
W.  H.  Brown,  is  shown  in  figure  18.  The  United  Aircraft  Corporation 
Engineering  Award  to  FRDC  is  shown  in  figure  19. 


[Vice  President  Humphrey 
[Letter  of  Congratulation 

-To  WX.  Gorton. 
Recognise*  Splendid 

“  X,  |  Performance  of  Pratt 
1  *  Whitney  Engine*  in 
~  YF-12A  During  the 
Record  Setting  Flight 
of  May  l,  1966 
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Figure  17.  J58/W-12*  Award 
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Figure  18.  Colonel  Stephens  Award  VK-70 
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Figure  19.  United  Aircraft  Corporation  Award  FC  13357 

for  J58  K 


The  YF-12/SR-71  programs  are  the  only  United  States  programs  that 
will  provide  significant  operational  experience  in  the  Mach  2.7  and  above 
supersonic  cruise  regime  between  now  and  the  time  the  first  United  States 
supersonic  transport  takes  to  the  air.  Because  of  this,  the  continuing 
lessons  of  experience  yet  to  be  learned  on  these  programs  will  provide 
invaluable  inputs  to  the  powerplant  development  program  on  the  SST. 

Pratt  &  Whitney  Aircraft's  Morida  Research  and  Development  Center 
flight  experience  in  the  YF-12/SR-71  programs  represents  more  engine 
flight  hours  at  and  above  SST  cruise  speed  (Mach  2.7)  than  all  other  engine 
manufacturers  in  the  free  world  combined.  A  summary  oi  Pratt  &  Whitney 
Aircraft's  Florida  Research  and  Development  Center  full-scale  J58  develop¬ 
ment  and  qualification  testing  conducted  in  BSUA  facilities  in  West  Palm 
Beach,  Florida,  and  East  Hartforu,  Connecticut,  is  given  in  table  1. 

This  includes  successful  completion  of  a  preliminary  flight  rating  test 
ar 1  full  150-hour  model  qualification  tests.  In  the  course  of  this 
extensive  effort  on  the  J58,  Pratt  &  Whitney  Aircraft  has  developed  the 
engine  to  a  high  level  of  stall  tolerance  and  engine  durability  under  a 
wide  range  of  airplane  yaw  and  pitch  angles,  under  conditions  of  disgorged 
inlet  shock,  and  under  a  highly  unfavorable  steady-state  engine  inlet 
distortion  pattern.  (See  fig  re  16.)  Materials  (and  their  fabrication 
into  operational  engine  parts)  that  will  withstand  the  sustained  high 
temperatures  of  supersonic  cruise  and  their  cycling  to  ambient  conditions 
have  been  developed  on  the  J58. 
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Table  1.  J58  Development  Test  Experience 


Total  Test  Time 

Test  Time  at  M  =  2.5 

Te.t  Time  at  M  *  3,0 

Test  Time  at  or  above  1900°F  TIT 

Test  Time  at  or  above  2000°F  TIT 

Test  Time  at  50,000  feet  or  above 


22,805  Hours 
6,011  Hours 
5,427  Hours 
10,974  Hours 
4.759  Hou^s 
6,955  Hours 


Satisfactory  engine  operation  demonstrated  on  test  stand 
at  Mach  2.9,  108,000  ft  altitude  conditions. 


Serviceable  leakproof  liquid  and  air  plumbing  connections,  as  well 
as  engine  accessories  that  can  live  in  the  supersonic  cruise  environment 
are  accomplishments  of  the  J58  program.  Lubricating  oils  and  fuels  tor 
operation  in  Mach  3  cruise  powerplants  were  developed  and  have  been  proven 
in  operational  service  on  the  J58.  The  development  of  these  fuels  and 
lubricants  has  made  possible  the  use  of  self-cooled  lubrication  systems 
on  the  J58  engine. 

The  J58-powered  YF-12/SR-71  aircraft  was  the  first  to  adapt  the  blow- 
in-door  ejector  nozzle  to  provide  efficient  operation  over  the  full  range 
of  flight  speed  from  takeoff  to  better  than  Mach  3.  The  •aerodynamic 
design  and  model  testing  of  the  nozzle  were  provided  by  Pratt  &  Whitney 
Aircraft,  who  also  conducted  full-scale  engine  tests  of  the  Lockheed-built 
ejector.  Blow-in-door  placement  was  carefully  worked  out  as  a  cooperative- 
engineering  effort  between  the  two  companies,  so  that  the  subsonic  perfor¬ 
mance  potential  of  this  nozzle  concept  could  be  realized. 


In  addition  to  its  wide  operating  range,  the  installation  of  this  nozzle 
in  the  YF-12/SR-71  has  provided  substantial  engine  noise  attenuation.  This 
came  nozzle  concept  is  proposed  for  the  Pratt  &  Whitney  Aircraft  JTF17  SST 

engine. 

C.  MILITARY  GAS  TURBINE  EXPERIENCE 
1,  General 

Pratt  &  Whitney  Air. raft  has  beer,  a  leader  in  the  field  of  aircraft 
propulsion  since  the  introduction  of  its  400-horsepower  Wasp  engine  in 
1926.  Since  that  time,  a  total  of  500,000  Pratt  &  Whitney  Aircraft -designed 
engines  have  been  delivered.  Since  World  Wa*  II  more  than  35,000  Pratt  4 
Whitney  Aircraft  gas  turbine  engines  have  been  delivered.  Quantities  and 
dollar  valuea  of  turbine  engine  shipments  are  sh-  wn  in  figure  20,  anJ 
pictorial  representations  of  some  of  the  more  recent  Pratt  &  Whitney  Air¬ 
craft  turbine  engines  are  given  in  figure  21.  Commercial  installation  for 
these  engines  In  Boeing,  Douglas,  Lockheed,  North  American,  and  Su<'  Aviation 
aircraft  have  been  outlined  previously,  but  many  United  States  military 
aircraft  are  alto  powered  by  Pratt  &  Whitney  Aircraft  engines.  Fig  re  22 
about  tows  of  the  military  applies  ions  Of  PbUA  turbine  engines. 
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A  brief  description  of  the  engines  and  some  of  the  military  applications 
are  presented  in  the  following  paragraphs. 

a.  J42  Turbojet  (JT6) 

The  J42  engine  is  a  turbojet  wfth  a  single-stage,  centrifugal  compressor 
and  single-stage,  axial-flow  turbine;  takeoff  rating  is  5,000  pounds  of 
thrust  at  sea  level.  A  total  of  1,139  J42  engines  were  delivered,  with 
first  engine  deliveries  in  1948.  This  engine  is  used  in  the  Grumman  F9F 
aircraft  and  has  accumulated  approximately  2,000,000  operating  hours  in 
this  installation. 

o.  J48  Turbojet.  (JT7) 

The  J48  engine  is  a  turbojet  engine  with  a  single-stage  centrifugal 
compressor  used  in  Grumman  F9  fighters  and  Lockheed  F-94  aircraft.  This 
engine  develops  up  to  7250  pounds  of  thrust  without  augmentation,  or  8000 
pounds  with  afterburner  augmentation.  A  total  of  4108  J48  engines  were 
delivered,  with  first  engine  deliveries  in  1949.  This  engine  is  used  in 
the  Grumman  F9F  and  Lockheed  F-94  aircraft  and  has  accumulated  approximately 
2,835,000  hours  in  these  installations. 
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c.  J57  Turbojet  (JT3) 

The  J57  is  the  military  version  of  the  JT3  engine;  it  is  an  axial- 
flow,  twin-spool,  turbojet  engine  with  eight  combustion  chambers,  a 
3-stage  reaction  turbine,  and  a  16-stage  compressor.  The  latest  version 
of  this  engine  develops  13,750  pounds  of  thrust  with  water  injection,  or 
18,000  pounds  with  afterburning  augmentation,  A  total  of  14,071  military 
J57  engines  have  been  delivered  with  first  engine  deliveries  in  1951. 

Various  J57  military  applications  and  operating  hours  are  listed  below. 

Aircraft  Models  Opera g  Hours 


B-52 

19,445,854 

KC-135 

7,165,666 

C-135 

476,095 

A- 3 

994,863 

F-64 

347,600 

F~8 

1,219,814 

F-100 

3,465,650 

F-101 

2,421,295 

F-102 

1,556,401 

Rr-371) 

Not  available 

VC-137A 

Not  available 

WU-2 

Not  available 

SM-62 

Not  available 

Total  Military 

37,093,238 

d.  TF33  Turbofan  (JT3D) 

The  TF33  engine  is  an  axial-flow  turbofan  developed  from  the  J57  engine, 
and  is  the  military  equivalent  of  the  JT3D„  The  first  two  stages  of  its 
compressor  are  fan  stages,  and  a  portion  of  the  air  from  these  stages 
is  directed  by  ducts  to  discharge  nozzles  to  produce  part  of  the  total 
thrust.  The  -emainder  of  the  air  goes  through  the  14  additional  stages 
of  the  compressor,  eight  burners,  and  four  turbine  stages  to  exit  through 
the  exhaust  nozzle  and  produce  the  remainder  of  the  thrust.  The  most 
powerful  version  of  this  engine  develops  21,000  pounds  of  thrust,  Air¬ 
craft  powered  by  these  engines  have  demonstrated  range  increases  of  more 
than  20%  when  compared  to  earlier  J57  turbojet-powered  models.  A  total 
of  1993  TF33  engines  have  been  delivered,  with  first  engine  deliveries 
in  1959,  Various  TF33  military  application  and  operating  hours  accumu¬ 
lated  in  these  installations  are  listed  below. 

Aircraft  Models  Operating  Hours 

B-C2H  2,267,865 

C-135B  777,567 

KC-135B  99,178 

VC-137C  Not  available 

C-141  379,258 

Total  3,523,868 
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e.  J75  Turbojet  (JT4) 

The  J75  is  the  military  version  of  the  JT4  engine;  it  is  an  axial - 
flow,  twin-spool  turbo j-it  engine  with  eight  combustion  chambers,  a 
3-stage  reaction  turbine,  and  a  15-Jtage  compressor.  The  latest  version 
of  this  engine  develops  17,500  pounds  of  thrust,  or  26,000  pounds  with 
afterburner  and  water  injection  augmentation.  A  total  of  1473  J75 
engines  have  been  delivered,  with  first  engine  deliveries  in  1956. 

Various  J75  military  applications  and  operating  hours  accumulated  in 
these  installations  are  listed  below. 

Aircraft  Models  Operating  Hours 

F-105 
IN  106 
IJ-2A 

Total  1,087,703 

f.  J52  (JT8)  Turbojet 

The  Jf52  engine  is  an  axial-flow  twin-spool  engine  with  nine  combustion 
chambers,  a  3-stsge  reaction  turbine,  and  a  12-stage  compressor.  This 
engine  develops  up  to  9300  pounds  of  thrust.  A  variable-area,  convergent- 
divergent  plug  nozzle  was  first  used  successfully  for  the  version  of  this 
engine  used  in  the  GAM-77  missile  installation.  A  total  of  1965  J52 
engines  have  been  delivered,  with  first  engine  deliveries  in  1958. 

Various  J52  military  applications  and  operating  hours  accumulated  in 
these  installations  are  listed  below. 

Operating  Hours 
428,225 

Included  in  hours 
shown  for  A-6A 
588,249 

1,016,474 

g.  J60  Turbojet  (JT12)  -  JTFD12  (Free  Turbine  Versions) 

The  J 60  engine  is  the  military  version  of  the  commercial  JT12  engine. 
It  is  an  &xial-flo«(  single-spool,  turbojet  engine  with  eight  combustion 
chambers,  a  2-stage  reaction  turbine,  and  a  9-stage  compressor.  This 
is  a  small,  hi$i  performance  engine  that  develops  up  to  3300  pounds  of 
thrust  in  the  latest  version  to  be  available  this  year.  The  JTFD12  is 
a  free- turbine  engine  developed  for  helicopter  use.  It  employs  the 
JT12  as  a  gas  generator,  adding  a  2-atage  free  turbine  that  extracts 
4050  shp.  This  engine  la  ueed  in  the  Sikorsky  CH-54  Skye ran*.  A 
total  of  852  military  J60  and  JTFD12  engines  have  been  delivered,  with 
first  engine  deliveries  in  1959.  Various  military  applications  and 
operating  hours  accumulated  in  these  installations  are  listed  below. 


Aircraft  Models 

A-6A 

A-4E 

GAM- 77  Missile 
Total 


669,229 
418,474 
tfot  available 
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Aircraft  Models  Operating  Hours 

C-140 
T-39 
T-2B 

S-64  Skycrane 
VC- 10 
XV-4A 
DFS-82 

Total  1,177,960 

h.  JT8D  Turbo fan 

The  JT8D  is  an  axial-flow,  twin-spool,  turbofan  engine  previously 
described,  which  in  its  commercial  version,  develops  up  to  14,500  pounds 
of  thrust  for  takeoff  in  the  latest  version  to  be  available  in  1967. 

An  afterburning  version  of  this  engine  is  being  developed  by  the  Royal 
Swedish  Air  Force  under  a  licensing  agreement  for  use  in  the  SAAB  J37 
Viggen  fighter; 

i.  T34  Turboprop  (FT2) 

The  T34  is  an  axial-flow  turboprop  engine  with  eight  combustion 
chambers  a  3-stage  turbine,  and  a  13-stage  compressor.  The  compressor 
drives  the  propeller  shaft  through  double  planetary  reduction  gearing 
delivering  6950  shp.  Additional  thrust  is  obtained  by  discharge  of 
high  velocity  turbine  gases  through  a  fixed  area  nozzle,  which  raises 
engine  output  to  7500  equivalent  shp,  A  total  of  484  T34  engines  have 
been  delivered, with  first  engine  deliveries  in  1951.  Besides  experi¬ 
mental  versions  of  the  Boeing  C-97  and  Lockheed  C-oO,  which  used  T34 
engines,  this  engine  is  the  powerplant  for  the  Douglas  C-133.  In  this 
installation,  the  T34  has  accumulated  1,524,763  hours. 

j.  TF30  Turbofan  (JTF10) 

Hie  TF30  is  a  high  Mach  No.  afterburning  turbofan  engine  used  in 
this  country's  latest  supersonic  joint  service  fighter,  the  F-lll.  It 
also  powers  the  Navy's  A-7  fighter,  and  has  most  recently  demonstrated 
supersonic  flight  :  the  French  supersonic  fighter,  the  Mirage  IIIF. 

The  TF30  is  an  axial-flow,  twin-spool,  turbofan  engine  with  full-length 
ducted  fan  exhaust.  This  engine  is  in  the  20,000-pound  thrust  class 
with  afterburning.  A  total  of  130  TF30  engines  have  been  delivered, 
with  first  engine  deliveries  in  1961.  Various  TF30  military  appli¬ 
cations  and  operational  hours  accumulated  in  these  installations  are 
listed  below. 

Aircraft  Models  Operating  Hours 

F-lll,  A,  B  2412 

A-7A  784 

French  Mirage  III  15 


146,228 
972,324 
51 ,408 
8,000 

Not  available 
Not  available 
Not  available 


Total 


3211 
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3.  .'Supersonic  Dash  Flight  Experience 

As  depicted  in  figure  23,  Pratt  &  Whitney  Aircraft  engines  have 
provided  power  for  supersonic  dash  airplanes  for  the  past  13  years, 
commencing  with  the  J57  installed  in  North  American  F-100  aircraft. 
Following  the  use  of  the  J57  in  F-100,  F-101,  and  F8U  applications, 

Pratt  &  Whitney  Aircraft  engines  have  been  used  in  F-105,  F-106,  and  the 
joint  service  F-lll  aircraft.  During  the  13  years  that  these  aircraft 
have  been  operated,  25,000,000  total  hours  have  been  accumulated  by 
the  PSWA  engines  in  these  installations,  and  an  estimated  200,000  of 
these  hours  were  flown  at  supersonic  speeds.  (See  figure  23.)  With 
the  early  experience  ir.  supersonic  flight  achieved  by  J57-powered 
aircraft,  problems  have  been  encountered  and  solved  to  provide  for 
improved  models  of  J57  and  successive  improvements  in  J75,  J58,  and 
TF30  engines.  The  improved  engines  resulting  from  increased  knowledge 
of  the  supersonic  regime,  and  component  developments,  have  contributed 
to  significant  improvements  in  aircraft  operations  over  the  years. 


Figure  23.  Operation  of  Pratt  &  Whitney  Aircraft  FD  16530 
Powered  Supersonic  Dash  Aircraft  K 


D.  AIRCRAFT  POWIRFLANT  RESOURCES 

Figures  24,  25,  26,  end  27  show  the  growth  of  Pratt  &  Whitney  Aircraft 
since  1950  in  total  facilities,  personnel,  and  floorspace  available  for 
development,  production,  and  support  of  aircraft  powerplants. 
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YEARS 


Lgure  24.  Pratt  &  Whitney  Aircraft  Total 
Expenditures 
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Figure  25<  Pratt  &  Whitney  Aircraft  Total  FD  16480 

Employment  (Ya*r~Knd)  K 
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Consistent  with  Pratt  &  Whitney  Aircraft  emphasis  on  engin  ?rtng:  our 
Engineering  Department  has  shown  consistent  growth  and  has  acquired  the 
engineering  talent  and  research,  development,  and  manufacturing  facilities 
required  to  maintain  a  position  of  leadership  within  the  aircraft  industry. 
Figures  28,  29,  30,  and  31  show  this  growth  since  1930  in  Pratt  &  Whitney 
Aircraft  Engineering  Department  expenditures,  technical  manpower,  facilities, 
investment  and  flocrspace. 


Figure  28.  Engineering  Expenditures  FD  16476 

K 


YEARS 

Figure  29.  Technical  Manpower  FD  16477 
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Figure  30.  Engineering  Facilities  Investment  FTD  16478 
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Figure  31.  Engineering  Floor  Space 
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To  develop  the  Mach  3  plus  J58  engine,  the  Pratt  &  Whitney  Aircraft 
Florida  Research  and  Development  Center  has  used  high  Mach  number  altitude 
and  sea  level  engine  development  facilities  with  a  replacement  cost 
exceeding  $100,000,000;  this  represents  the  largest  on-site  high  Mach 
number  engine  manufacture  facilities  available  in  the  world  today.  Heated 
inlet  stwnds  to  subject  test  engines  to  the  800°F  inlet  temperatures  of 
supersonic  cruise  flight  are  in  daily  use  on  the  JS8  at  Florida  Research 
and  Development  Center.  Altitude  test  facilities  to  check  the  performance 
of  full-scale  engines  at  80,000  feet  and  Mach  3  are  available  and  have 
been  in  use  on  the  J58  at  both  Florida  Research  and  Development  Center, 
and  at  Pratt  &  Whitney  Aircraft's  Willgoos  Laboratory  in  East  Hartford, 
Connecticut. 

Pratt  &  Whitney  Aircraft  has  assigned  the  development  of  the  JTF17 
engine  to  the  Florida  Research  and  Development  Center  to  take  full 
advantage  c 5  the  facilities  and  management  team  that  exist  there  with 
this  unique  high  Mach  number  background. 

E.  RECORD  IN  MEETING  CCMflTHKNT 

1.  Commercial 

Table  2  presents  the  record  of  Pra*t  &  Whitney  Aircraft  in  meeting 
performance ,  weight,  and  schedule  commitments  on  commercial  turbine 
engines.  Note  that  in  all  cases  engines  were  delivered  on  or  ahead  of 
schedu’e*,  their  weight  et  delivery  was  on  or  below  original  specifica¬ 
tion  weight**,  their  takeoff  thrust  at  delivery  was  either  on  or  above 
the  original  specification  thrust,  and  TSFC  at  takeoff  and  cruise  at  time 
of  engine  delivery  was  either  on  or  below  original  specification  value. 

2.  Government  R  &  D 

A  complete  listing  of  all  Government  R  &  D  programs  undertaken  by 
Pratt  6>  Whitney  Aircraft  since  1947  is  available  for  inspection  at  the 
Florida  Research  and  Development  Center,  The  following  are  summaries  of 
selected  programs  that  demonstrate  company  competence  *n  carrying  out 
turbir  engine  R  &  D  programs,  as  well  as  other  advanced  state-of-the-art 
technology  programs. 


*A.  strike  involving  more  than  SOI  of  ail  Piatt  &  Whitney  Airctrft 
production  personnel  during  the  summer  of  I960  was  responsible  for 
the  1- month  slip  in  delivery  date  of  the  first  JT4A  engine. 

**Cu stumer- requested  change#  after  original  order  data  were  responsible 
for  the  61-pound  change  in  specif teat ion  weight  on  the  ,TT8D  at  time  of 
delivery. 
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s.  Production  Engine  R  &  D  Programs 

(1)  J57  Engine 

The  following  contracts  provided  for  development  and  production 
improvement  of  the  J57  engine  covering  the  time  period  from  29  August 
1947  to  14  March  1963:  W33-038-ac-18662 ,  AF33 (038) -9505,  AF33(600) -5839, 
AF18(600)-126,  N0as52-1080-f ,  AF33 (600) -22940,  N0as53-594- f ,  NOas-53- 
834- f  (T57  Design),  AF33 (600) -23146,  NOas57-235-f ,  NOas57-264-f  (T57 
Development).  These  11  contracts  with  the  Air  Force  and  Navy  BuAer  were 
all  fixed-price,  prime  contracts.  The  J57  work  under  these  contracts 
has  a  dollar  value  of  $156,607,138  and  was  all  completed  on  or  ahead  of 
schedule,  or  was  terminated  on  or  ahead  of  schedule. 

(2)  TF33  Engine 

The  following  contracts  provided  for  development  of  the  TF33  engine 
over  the  time  period  of  29  October  1958  to  29  January  1963:  N0as59-8014-£ , 

NOw60-Q699-f ,  and  N0w62-0884-f .  These  three  contracts  with  the  Navy  BuAer 
were  all  fixed-price,  prime  contracts.  The  TF33  work  under  these  contracts 
had  a  dollar  value  of  $42,625,000  and  was  all  completed  on  schedule. 


(3)  J75  Engine 

The  J75  engine  was  developed  under  the  following  contracts  over  a 
time  period  from  29  November  1952  to  31  January  1959:  AF33 (600) -22950 , 
NOas57-265-f ,  and  N0as59-8003-f .  These  three  contracts  with  the  Air 
Force  and  Navy  BuAer  were  all  fixed-price,  prime  contracts.  The  J75 
work  under  these  contracts  had  a  dollar  value  of  $81,000,000  and  was 
completed  on  schedule. 

(4)  J52  Engine 

The  following  contracts  covered  development  of  this  engine  over  the 
time  period  of  18  May  1953  to  1  February  1963:  NOas53-685-f ,  NOas56- 

429-f ,  N0as58-531~f ,  N0as59-0314-f ,  N0^60-0698-f ,  N0w62-0741-f .  These 
six  contracts  with  Navy  BuAer  and  BuWeps  were  all  fixed-price,  prime 
contracts.  The  J52  work  under  these  contracts  had  a  dollar  value  of 
$67,511,000  and  was  completed  on  schedule. 


(5)  J58  Engine 

The  J58  development  was  initiated  under  Navy  contracts  -  N0as57-257-f 
and  N0as5v  0318-f.  Since  1957,  all  development  work  on  this  engine  was 
conducted  at  tnc  Florida  Research  and  Development  Center.  The  purpose  of 
this  program  was  to  design,  develop,  manufacture,  and  test  an  advanced- 
type  jet  engine  for  operation  at  flight  speeds  ap  to  Mach  3.0  and  at 
altitudes  up  to  80,000  feet.  The  current  production  engine  is  qualified 
for  continuous  operation  above  Mach  3.0,  for  continuous  turbine  inlet 
temperature  above  2000°F,  and  for  continuous  operation  of  the  variable 
augmentation  afterburner.  The  J58  is  the  highest  thrust  engine  now  in 
production.  Some  significant  commendations  and  awards  for  work  on  this 
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engine  are  shown  in  figures  17,  18,  and  19.  See  figure  17  showing  Vice- 
President  Humphrey's  letter  to  W.  L.  Gorton  plus  signed  picture,  Col. 
Stephens  Plaque  to  W.  H.  Brown  (figure  18),  and  UAC  Engineering  Award  to 
FRDC  for  J58  (figure  19). 

(6)  TF30  Engine 

The  following  contracts  have  covered  development  work  on  this  engine 
over  the  time  period  of  20  June  1960  until  the  present;  N0w60-0322-f , 
N0w60-0821-f ,  NOw 60-01 40-f,  NCw63-0141-f ,  N0v64-0140-f ,  N0w53-140-f, 
N0w65-0546-f ,  N0w66-01550-f ,  N0w66-0638.  Ihese  10  contracts  with  the 
Navy  BuWeps  have  all  been  fixed-price,  prime  contracts  with  a  dollar 
value  of  $102,411,642.  All  but  one  of  the  completed  contracts  were 
completed  on  schedule,  and  work  on  the  active  contracts  is  currently 
on  schedule. 

(7)  RL10  Engine 

The  following  contracts  have  provided  for  study,  design,  development, 
test,  support,  nroducfc  improvement  and  deliveries  of  the  RL10  rocket 
engine;  and  for  high  energy  liquid  rocket,  advanced  technology  programs 
in  vhich  the  8L10  has  been  used:  AF04(647)-648,  AF18(600)-1774,  NAS8- 
2690,  NAS8-2691 ,  NAS8-5605,  NAS8-5607,  NAS8-5623,  NAS8-15494,  NASw-754, 
NASw-4196,  NAS8- 13001 ,  NAS3-7950,  NAS3-6296.  These  12  contracts  with  the 
Air  Force  and  NASA  have  been  cost-type,  prime  contracts  and  represent  a 
combined  dollar  value  in  excess  of  $206,500,000.  These  contracts  cover 
the  time  period  of  March  1958  until  the  present.  The  RL10  is  a  15,000- 
pound  thrust  liquid  hydrogen /liquid  oxygen  engine  for  propulsion  of 
upper  stage  vehicles,  and  was  the  first  rocket  engine  produced  for  use 
of  this  high-performance  propellant  combination.  Work  with  the  RT10 
involved  many  advanced  technologies  and  required  pioneering  work  with 
cryogenic  (hydrogen,  oxygen,  fluorine,  liquified  petroleum  gases) 
propellants.  However,  the  RL1G  engine  has  achieved  a  degree  of 
reliab'lity  and  performance  unmatched  by  any  other  hydrogen-oxygen 
production  rocket  engine.  The  Pratt  &  Whitney  Aircraft  achievements 
working  with  the  RL10  have  been  recognized  in  engineering  and  aerospace 
circles,  resulting  in  a  number  of  awards  for  individuals  and  for  the 
company's  Florida  Research  and  Development  Center  where  this  work  has 
been  accomplished.  Some  significant  commendations  for  this  work  are 
shown  in  figures  32  through  37 . 


Dr  Von  Braun  Plaque 
To  WX.  Gorton, 

Recognizes  The  FRDC  RL10 
Development  Team  and  Success 
of  the  RL10  Engine  Program 


Figure 
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To  G.D.  L&wig;  Shared  with  Hans 
J.P.  Ohain.  Chief  Scientist,  Aerospace 
Research  Lab,  Wright  Patterson  APB 
and  A  W.  Blackman,  United  Aircraft 
Corp,  for  His  Work  in  the  Area  of 
Combustion  Instability 


Figure  33,  The  Goddard  Award  FD  16918 

K 


Jackson  Aerospace  Award 

-Accepted  by  RJ.Coar 
for  Demonstrating  the  Tech¬ 
nical  Feasibility  of  Liquid 
Hydrogen  as  the  Next  High 
Energy  Fuel  for  Extending 
the  Horizon  of  Space 
Exploration 

Vice  Prof  id  eat  Congratulates  Richard  Coer 


Figure  34,  Jackson  Aerospace  Award  FD  16915 
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Nr.  8.  B.  Aaechutt  •"'  '••  •• 

Frugraa  Haaacer 

Florida  Keeaarch  a  Dervlcjaieiit  Center  - 
Fr-att  A  ifcitacy .  imeion 
United  Aircraft  Oorparatioc 
Weal  Fala  Beach,  Florida  r 

Dear  Uleii  > 

n>e  IhnrtaNM  MwiwttM  e»  (S«  Itt-tt  malce*  on  the  rareent  Atler  Centaur 
10  riicftt,  lo  ayppevtof  the  Rial  3w?««  alaafee,  aide  a  aly.lfiocat 
ouetrttutloo  to  the  yr*r-*U  aucceea  or  t be  alaaioo.  Attached  le  the 
letter  *y  office  received  TAB  Sr,  H.  *.  havell  indicating  hie  pleasure 
vitfc  the  Centaur  pirlbHaanct.  nu»  pea*  these  eomendatlona  on  to 
pour  entire  or esm.  action  alas*  sltt  tte  appreciation  of  ay  office  for 
their  contribution  M  one  of  the  eejw  kPmMM  in  the  apace  program. 


Since- sly  your*. 


telrector  o,  cvsch  Vehicle 
ash  prosiOaiun  Frogmen 
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Figure  37.  UAC  Award  for  RL10 
b.  Advanced  Airbreathing  Engine  R  &  D  Programs 


FC  13356 
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(1)  Lightweight  Gas  Generator 


Work  on  this  program  was  conducted  under  the  following  contracts  and 
covered  the  time  period  of  18  May  1959  to  31  August  1962:  AF33(600)- 

39086  and  AF33(600)-41506.  These  contracts  were  fixed-price,  prime 
contracts  with  the  Air  Force.  The  lightweight  gas  generator  work  under 
these  contracts  had  a  dollar  value  of  $11,442,500.  Program  requirements 
included  building  and  testing  of  demonstrator  engine,  testing  of  various 
components  in  te:  t  rigs,  and  powerplant  design  studies.  Powerplant  studies 
were  completed  successfully,  leading  to  design,  testing,  and  fabrication 
of  a  lightweight  gas  generator  with  augmented  thrust-to-weight  ratio  of 
10:1  or  higher.  The  engine  is  designed  for  an  operational  altitude  of 
more  than  80,000  feet  and  Mach  capability  in  excess  of  4. 

(2)  SST  Powerplant 

The  following  contracts  have  been  provided  for  work  on  this  program 
over  the  time  period  of  15  June  1961  until  the  present:  AF33 (600) -43496, 
AF33(657)-9059,  AF33 (567)-9283,  AF33 (657)-11189,  FA-SS-^4-2,  FA-SS-65-18, 
FAA-SS-66-8.  These  contracts  with  the  Air  Force  and  the  FAA  have 
been  prime  contracts  and  have  included  fixed-price,  CPFF,  cost  reimburse¬ 
ment,  and  cost  sharing  types.  The  dollar  value  of  these  contracts  has 
been  $67,429,938;  they  have  all  been  completed  on  schedule  except 
FAA-SS-66-8,  which  is  currently  on  schedule.  This  program  has  been 
directed  toward  engine  study,  identification  of  required  development. 
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selection  of  engine  cycle  and  design,  component  development,  and  engine 
fabrication  and  test.  Speed  ranges  from  Mach  2.0  to  3.5  have  been 
studied,  and  the  influence  of  engine  parameters  on  operating  costs, 
performance,  and  noise  levels  has  been  considered.  Areas  requiring 
research  and  development  have  been  identified  and  this  R  &  D  has  been 
undertaken  in  areas  including  compressors,  primary  combustors,  duct  heaters, 
turbines,  exhaust  systems,  bearings  and  seals,  engine  control,  fuels, 
lubricants,  noise  research,  cycle  optimization,  and  engine  design.  The 
program  has  also  placed  major  emphasis  on  considerations  such  as  weight 
reduction,  reliability,  long  life,  maintainability,  safety,  value  engi¬ 
neering,  and  configuration  management  at  an  early  stage  in  the  engine 
program.  Successful  completion  of  each  phase  of  this  program  has  led 
to  competition  in  the  succeeding  phases. 

(3)  AMSA  Engine 

The  following  contracts  have  provided  for  work  on  the  AMSA  powerplant 
over  the  time  period  of  11  January  1965  to  the  present:  P.0.L5E1-DM- 
10016  and  AF33 (657) -14903.  The  first  of  these  was  a  subcontract  from 
North  American  Aviation  with  a  value  of  $100,000,  and  the  other  is  a 
fixed-price,  prime  contract  with  the  Air  Force  with  a  value  of  $19,998,000. 
Also,  work  directly  contributing  to  the  AMSA  program  has  been  conducted 
under  Advanced  Turbine  Engine  Gas  Generator  (ATEGG)  demonstrator  engine 
program.  The  contract  for  ATEGG  was  AF33(657)-14479  which  was  a  fixed- 
price,  prime  contract  with  the  Air  Force,  had  a  value  of  $750,000  and 
covered  the  time  period  of  26  April  1965  to  15  June  1966.  The  work  on 
this  program  has  been  conducted  at  East  Hartford. 

A  demonstrator  engine  incorporating  the  same  general  technology  level 
that  will  be  incorporated  in  the  AMSA  engine  was  built  under  the  ATEGG 
program.  This  engine  was  transferred  to  the  AMSA  program  when  the  ATEGG 
program  phased  out;  an  additional  engine  is  to  be  built  under  the  AMSA 
contract  and  both  engines  will  demonstrate  the  general  technology  require¬ 
ments  for  the  AMSA  engine. 

Comparative  engine  cycle  studies  have  been  conducted  to  determine  the 
best  cycle  for  this  application.  Major  components  such  as  compressors, 
turbines,  burners  and  augmentors  are  being  tested  and  theoretical  studies 
and  experimental  tests  are  being  .conducted  to  determine  means  to  suppress 
engine  infrared  radiation. 

(4)  Short  Takeoff  Landing  (STOL)  Fighter  Aircraft  Propulsion  System 

Work  on  this  program  was  conducted  under  the  following  contract 
over  the  time  period  of  21  October  1960  to  8  December  1961:  AF33(600)- 
41609.  This  was  a  fixed-price,  prime  contract  with  the  Air  Force,  had  a 
dollar  value  of  $1,750,000,  and  was  completed  at  East  Hartford. 

(5)  C5A  Engine 

The  following  contracts  provided  for  work  on  the  CX-HLS  and  C5A 
engine  program*  over  the  time  period  of  15  June  1964  to  15  July  1965: 

AF  33(615) -1921  and  AF  33(657) -14195.  These  were  fixed-price,  prime 
contracts  with  the  Air  Force.  The  C5A  engine  work  under  these  contracts 
had  a  value  of  $5,703,194  end  was  completed  on  schedule. 


VK-40 


Pratt  ft Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

(6)  Aerospaceplane  Propulsion 

This  study  was  conducted  over  a  time  period  of  16  April  1962  to 
30  November  1962  under  Contract  AF  33 (657) -8671 .  This  was  a  fixed- 
price,  prime  contract  with  the  Air  Force  and  was  completed  on  schedule. 

This  study  was  conducted  at  East  Hartford  and  the  dollar  value  was 

$200,000. 

c.  Advanced  Airbreathing  Engine  Components 

R  &  D  work  on  components  for  airbreathing  engines  is  essential  to 
provide  for  continual  upgrading  of  engine  technology.  Consistent, 
well-coordinated  programs  are  carried  on  at  Pratt  &  Whitney  Aircraft 
in  component  technology  areas  such  as  compressors,  turbines,  combustors, 
controls,  bearings,  seals,  etc.  Some  of  the  work  in  these  areas  is 
funded  by  Government  agencies,  and  some  is  conducted  on  company  funds. 

NASA-Lewis  has  funded  development  work  which  is  of  particular 
interest  to  the  SST  engine  program.  Contract  NAS3-7907  is  a  CPFF 
contract  that  provides  for  full-scale  testing  of  duct  burners  of  the 
same  general  design  as  those  used  in  the  P&WA  SST  engine.  Work  on 
this  contract  was  initiated  on  29  June  1965  at  the  Florida  Research 
and  Development  Center,  and  has  provided  valuable  test  data  on  this 
burner  design.  Work  under  this  contract  is  still  active,  and  the 
contract  value  is  $1,054,385.  Two  additional  contracts  with  NASA-Lewis, 
NAS3-7603  and  NAS3-7604,  are  CPFF  contracts  that  provide  for  study  and 
component  testing  of  advanced  compressor  designs  in  support  of  SST 
engine  technology.  Work  on  these  contracts  started  on  27  May  1965 
at  the  Florida  Research  and  Development  Center  and  has  provided  aero¬ 
dynamic  data  important  to  advanced  compressor  design.  Work  under  these 
contracts  is  still  active  and  the  combined  dollar  value  is  $1,150,469. 

Table  3  lists  some  additional  contracts  that  are  representative 
of  contracts  in  the  area  of  component  work  for  advanced  airbreathing 
engines.  Pratt  &  Whitney  Aircraft  was  the  prime  contractor  on  each 
of  these  contracts. 
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d.  Advanced  Material  R  &  0 

R  &  0  work  is  contirually  pursued  at  Pratt  &  Whitney  Aircraft,  with 
support  from  the  United  Aircraft  Research  Laboratories,  on  materials  that 
relate  to  propulsion  system  requirements.  The  extreme  temperature, 
vibration,  and  stress  environments  that  exist  in  aircraft  engines  mean 
that  developing  new  materials  is  a  particularly  important  part  of  the 
continuous  efforts  to  improve  engine  performance. 

Early  this  year  an  announcement  was  made  of  an  important  develop¬ 
ment  in  materials  technology  resulting  from  work  at  the  UAC  Research 
Laboratories.  This  work  has  resulted  in  discovery  of  a  method  to 
produce  precision-cast  gas  turbine  components  in  the  form  of  alloy 
crystals.  This  method  can  be  used  with  certain  alloys  to  eliminate 
all  grain  boundaries  in  the  material  with  the  result  that  the  material 
has  excellent  thermal  shock  resistance,  high  stress-rupture  life,  and 
excellent  high  temperature  creep  characteristics.  Turbine  parts  made 
with  this  process  promise  to  permit  the  use  of  higher  temperatures  in 
future  engines,  contributing  to  improved  performance  in  chese  engines. 

Some  representative  contracts  for  mateiials  work  are  listed  in 
table  4.  Each  of  these  is  a  prime  contract  with  Pratt  &  Whitney  Aircraft. 


labia  4.  ItfNiMUtlw  Materials  Contracts 


Contract 

No. 

Description 

iMuat  md 
Type 

Cuatosar 

Contract 

Status 

effective  Oste/lat lasted 
Conpl at ion 

AT  33(615)- 
5129 

■valuation  of 

Halted  and  Ira  sad 
Stainless  Steal 
and  Super-Alloys 

973.033 

cm 

Air  Foret 

On  ach adult 

4-1-44/7-1-47 

AF  33(413)- 
2117 

Coat laps  lot 
Colunbtua  Alloy 
Turbina  Tanas 
ftndt  lli^n 

(319,392 

Air  Fores 

On  achsdula 

4-1-43/7-1-4* 

AT  3C(615)- 
1434 

Coat  lacs  (or  Super- 
Alloy  Turbins 

Slades 

1120,273 

cm 

Air  Fores 

Work  coapl»t»d 
on  schedule 

7-1-44/2-1-44 

NASwlu. 
Anend.  9 

Eaisalvtty  of 
Materials  and 

Coat laps 

9400,397 

cm 

mat. 

Consisted  on 
schedule 

9- IS- 59/ 12- 31 -43 

VC-43 
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F.  FINANCIAL  CAPABILITY 
1.  Business  History 

United  Aircraft  Corporation  has,  from  its  beginning,  placed  great 
emphasis  on  research,  engineering,  and  development,  in  which  more  than 
a  fourth  of  its  employees  era  engaged.  The  Corporation  continues  to 
make  substantial  expenditures  for  research  and  development,  including 
capital  expenditures  to  maintain  a  favorable  competitive  position  in 
the  industry.  During  the  last  eight  years  United  Aircraft  has  financed, 
without  contractual  support,  research  and  development  costs  in  excess 
of  $225 ,000,000.00 

United  Aircraft’s  business  for  the  last  eight  years  is  indicated 
in  tab  e  5. 

Table  5.  United  Aircraft  Corporation 
Business  for  8  Years 


Period  Sales  Unfillid  Orders  and  Government 

Total  Government,  Letters  of  Intent  at  the  End  of 
X  the  Period 


Approximate 

Total 

Government , 
% 

Gioss  Plant 
Account 

1965 

i,429,73f ,247 

66 

1,725,000,000 

58 

483,211,334 

1964 

1,235,918,321 

71 

1,200,000,000 

65 

445,089,250 

1963 

1,281,070,409 

79 

950,000,000 

?C 

402,960,241 

1962 

1,160,458,684 

80 

1,025,000,000 

72 

366,312,215 

1961 

1,094,756,591 

77 

1,100,000,000 

71 

338,717,487 

1960 

987,P79,119 

72 

1,150,000,000 

79 

319,261,526 

1959 

1,080,980,782 

78 

1,000 ,000;  000 

71 

288,166,299 

1958 

1,200,427,387 

88 

1,400,000,000 

75 

271,364,985 

2.  Financial  Status 


Based  on  the  SST  financial  plan  **  presented  in  the  these  III  Request 
for  Proposal,  and  the  following  United  Aircraft  financial  statements  for 
the  pest  three  years.  United  Aircraft  Corporation  can  be  expected  to 
meet  the  financial  requirements  for  Ptu.se  HI  Supersonic  Transport 
development. 

The  following  balance  sheets  end  statements  of  Income  and  earnings 
employed  in  the  business  havt  been  examined  by  Price  Waterhouse  A  Co., 
independent  public  accountant a.  In  their  opinion,  "the  accompanying 
balance  sheet  end  statements  of  earnings  and  of  earnings  retained  in 
the  business  present  fairly  the  financial  position  of  United  Aircraft 
Corporation  and  consolidated  domestic  subsidiaries  at  31  December  l€6$, 
and  the  results  of  their  of>e rations  for  the  year  then  ended,  In  con¬ 
formity  with  generally  accepted  accounting  principles  applied  on  a  basis 
was  made  in  accordance  with  generally  accepted  auditing  standards  and 
accordingly  included  such  taata  of  the  accounting  records  and  such  other 
auditing  procedures  as  we  considered  necessary  in  the  circumstances. 
Receivables  from  the  United  States  Government  were  not  confirmed,  but 
wa  have  satisfied  ourselves  as  to  these  balances  by  means  of  other 
auditing  proc  durea . "  7K»*4 


PM  ft  Whitney  Aircraft 

PWA  FP  66-100 
Volume  V 

UNITiD  AIRCRAFT  CORPORATION 

CONSOLIDATED  STATEMENTS  OF  EARNINGS  AND  OF 
EARNINGS  RETAINED  IN  THE  BUSINESS 

Years  Ended  December  31, 1965, 1964  and  1963 


Income: 

Sales  — . . 

Royalties  from  licensees 
Dividends  from  affiliar-s 
Other  income . . — 


$1,048,081 .410  $  988,780,017  $1,011,962,128 
34,715,208  33,592,010  30.78<i.!42 

256.151,207  208,440.737  195.014.881 

7,207,851  7.456.91  S  6,081.625 

463,143  857,215  1.829.319 

40.837.3ti3  2i.344.595  19,315.119 

$1,387,469,382  $1^13,472^22  $1.2115.019.414 

Net  Earnings  for  the  Year . . _ . . . . .  %  48.982.029  $  29.084.040  $  21,450.378 

Earnings  Retained  k  tac  Brniaui  at  beginning  o i  the  year  150,263,199  M5  551. 682  128,335,683 

$  199,245,220  $~"l64>35322  $  149.786.061 

DhideMk  m  Qfhal  Stndu 

Preference  Stock— (retired  in  1965)  $2.00,  $4.00  rod 

$4.00  per  share,  respectively . . . . . $  617,871  $  1362.826  $  1.3741,762 

Common  Stock— $1.40,  $1.33$  and  J 1 .55$  per  share,  iftptfct 
lvrly  (adjusted  to  r'fkect  50%  common  stork  distribution 

in  1965) _ .1, _ _ _ _ 1 _ _ _ _ _  14.491.675  13.009.697  12.863.617 

$  l5,lo£$46  $14,372,523  v“fiSR3?9' 

Earnings  Hemmed  in  the  Rnafam*  at  end  of  the  year  „  _ V 184.135.882  I  150,263,199  if  13051,682 

Earnings  Before  Fedcnl  Income  Tax _ _ _ _ _ _ _ _  I  89.319392  $  53:428.645  $  I0.7ti5.697 


Costv  and  Expenses: 

CoM  of  goods  and  services  sold . . 

Depredation  and  amortization _ ... 

Engineering,  development,  selling  and 

administrative  expenses  _ _ _ 

Interest  expense - 

Other  deductions _ _ _ 

Federal  taxes  on  income  — . . 


1965  1964  1963 

$1,429,738,247  $1,235,918,321  $1,281,070,409 

1,914,331  5.905, 1 59  1.565,918 

131,975  1,381,616  127.972 

4,666,858  3.3a  1, 066  3,505.461 

$1.  £36.45 1.4  II  $l,24iSl!i2  sT^MWOT 
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UNITED  AHtC  t  APT  CORPORATION 

CONSOLIDATED  BALANCE  SHEET 

Ytars  tmUrd  Dactmber  31. 1965. 1964  and  1963 


ASSETS 


Current  Assets: 
Cash  . 


1965  1964 

$  .12,651,142  $  28.172.155 


1961 


S  26,092,181 


I 
i 

li 

I! 

II 


Accounts  receivable: 

United  State*  Government . _ . . .  91, 496,128 

Commercial  customers  (less  $50,000  allowance  for 
doubtful  accounts) . . - . - . . . . . . - .  140,405,126 

Other  . . . . . .  2.410.497 

Inventories,  at  com  .....  .  . . .  . . . . . .  ..... _ _ _  196,186,941 

l  ess- Paymenn,  secured  by  lien,  from  United  States  Government 
<m  uiKXNLpleted  contracts .  . . .  125,516,982 

Total  Current  Asms .  . .  . .  $517,633,054 


Not&sand  'reotJHs  RemvabV;  due  after  one  year . .  $  8350.410 


Investments  in  and  advances  to  affiliated  companies,  at  cost  . .  $  7,975.412 


Fixed  Assets,  at  cost: 

Ijuad  .  . i:;,.., . . . . . . .-.3...  . . .  $  103*4,007 

Buildings  and  improvements . _  .  ..  217.044.509 

Machinery,  tools  ano  equipment  .  . .  . _ _ _  229.325,700 

Under  construction  .  . i.:.  .• . . ..I _ _ _  26.0C7.1I8 

■ . $481.221354 

{jess- accumulated  depreciation  and  atncutiaaimn'  ..... ..  .  300.104392 

$189,1 16,442 


nefereed  Csa**®  - •'$  3,612381 

$740387  741 


76.194,152 


91,246  161 


91,690.988  “5,920,11 1  g> 

1,065,176  1 .277.4I3  ii 

150.749.781  107.927.408 


11 7,406,89  ‘  101.701.122 

$430,865,560  51W.762.1I1 


S 

i 


S  7,056.101  %  9,148.065 


$  7. (>'.‘0.9 10  $  11.501,402 

| 

%  10,654,670  S  10. 127.81 5  m 
214.615,!*u»  208,1 82,222  |f 

2 1 4 .621.855  171.177  I W 

5,174.764  n.'l7.1.allflf 
34451S9350  $4021*810341^ 


279375.778  254.211. 1*15' 

M6531M72  il48.74fi.<M6i 


$  3,629366  $  4,158,887_ 
5613355,872  $574.9167l4 
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UNITED  AIRCRAFT  CORPORATION 

CONSOLIDATED  BALANCE  SHEET 
Veers  Ended  December  31, 1965,  1964  and  1963 
LIABILITIES 


Current  Liabilities: 

N  '«.es  payable  to  banks _ _ 

Long  term  debt— currently  due  _ _ _ _ 

Accounts  payable  _ _ _ _ 

Accrued  liabilities _ _ _ 

Dividend  payable  on  Preference  Stock _ 

Federal  taxes  on  income _ _ 

Advances  on  sales  contracts . . . . . 

Total  Current  Liabilities  . . . . . . 

Deferred  investment  Tax  Credit _ _ _ 

Long  Term  Debt: 

5%  Sinking  Fund  Notes  due  June  15,  1981  _ _ _ _ 

4$%  Subordinated  Debentures,  due  August  i5,  1988  (convertible). ... 


Stockholders’  Equity: 

Capital  Stock: 

Preference  Stock  of  $100  par  value: 

Authorized— 500,000  shares 
4%  Series  of  1955  (convertible),  outstanding— 25,752 

shares  in  1964 _ _ _ _ 

4%  Seties  of  1956  (convertible),  outstanding— 311,192 

shares  in  1964  - - - 

Common  Stock  of  $5  par  value: 

Authorized— 15,000,000  shares 
Outstanding— 11.169,372  and  8,552,467  and  6,433,355 
shares  respectively  . . 

Earnings  retained  in  the  husiiieas  at  end  of  the  year. . . . . 


1965 

$  60,000,000 
3,000.000 
73.934,805 
58,281.965 

28.544,360 

47.161,834 

5270,942,961 


5  5,179,221 


$  69,000,000 
28,935,600 
5  97.935.600 


$  - 


182,594,274 

184,135,682 

$366,8294)56 

$740,887,747 


1964 

S  20.000.000 
3.000,000 
35,421.434 
30.127.946 
336.944 
22,804,537 
28,109,582 
5179,800, 1 13 


$  4.194,719 


S  72.000.000 
42,858,100 
51 14 ,858400 


$  2.573,200 


31,119,200 


131,044,951 

130.263.199 

5375,002^50 

$613,855,812 


1963 

$  20.000.000 

16.005.36.1 

47.368.912 

312.669 

19.475.955 

21.958,502 

$755X51.431 


$  3.568,562 


$  “5.000.000 
12,883.900 
$1175883.900 


$  3.142.000 

31,124.900 


127,896,238 

135,531,682 

$297,714,820 

$574,318,713 


VK-47 


